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The mechanism of the second stage of human 
parturition has already been the subject of numerous 
works, and on many aspects of the problem the treat- 
ment has been exhaustive. There are matters, however 
which still call for inquiry. Further evidence seems 
desirable relative to the form of the dilated pelvic 
canal; the direction of uterine pressure may be said 
to be unknown: given a variable direction of pressure 
proof is awanting of its influence, or otherwise, on 
the mechanism; the known effect of a uniform pressure 
on a curved surface needs application to the 
mechanism of labour: it is worth while to attempt to 
unravel the congeries of movements which go by the 
names of flexion and extension; the difficult problem 
bf lateral obliquities of the fetal head remains 
where it was forty years ago; the development of the 
mechanism at the vulvar outlet may be capable of 
modification in a manner favourable to easier birth. 
These and other matters are gone over in the pages 
that follow. 
A definition of what is meant by the 
second stage is not easy if regard is had to every 
possibility/ 
possibility. In most labours the second stage com- 
prehends the period which elapses after the os uteri 
is fully dilated and the membranes are ruptured until 
the child is completely born. It is obvious, however, 
that the mechanical phenomena cf the second stage are 
able to be developed before the os is wide open, and 
after full dilation before the membranes are ruptured, 
at any rate until a late period of the second staged 
The }o' pulsïve period" of° the Germans also is not 
sufficiently general at least in its clinical 
manifestations, for the evidence - abdominal action - 
may be awantingd Nor is it adequate to maintain that 
the passage of the individual segments of the fetus 
through the vaginal and vulvar canals constitutes the 
second stage. For the present purpose the second 
stage is defined as a period which begins when the 
fetus is compelled to exercise an uncertain quantity 
of pressure upon the upper part of the vaginal wall 
and which lasts until, the child is entirely born. 
The present thesis is divided into six 
sections and two appendices. The first section deals 
with the form of the pelvic canal, the second treats 
of the direction of uterine and abdominal pressure, 
in the third the mechanism of flexion is considered, 
in¡' 
12. 
in the fourth lateral obliquity of the fetal head, 
the fifth is devoted to internal rotation; while the 
sixth is concerned with the mechanism of extension 
and the protection of the perineum. In the first 
appendix a number of simple experiments is described, 
and in the second are set forth tables of angular 
distances derived from the published reproductions of 
frozen sections. Finally a short summary is given of 
the results embodied in the thesis. 
In conclusion I desire to thank the Council 
j of the Royal College of Physicians of Edinburgh for 
the privilege of reading in the Library of the 
College, the Librarian of Edinburgh University for a 
similar courtesy, and the Librarian of the British 
Medical Association for much kind assistance. 
CECTIQTd 1,4 
S E C T I O N I. 
NME PELVIS AND THE PELVIC CANAL. 
S E C T I O N I. 
THE PELVIS ANT THE PELVIC CANAL. 
1. The dilated pelvic canal consists of two 
portions respectively superior and inferior.* The 
superior portion is roughly cylindrical, straight, 
and enclosed for the most part by the walls of the 
bony pelvis. The inferior portion leaves the 
superior at an obtuse angle which opens upwards 
and forwards, is more or less cylindrical, and 
follows a curved course of variable radius downwards, 
forwards, and upwards. It is enclosed by the soft 
parts alone. 
NAEGELE (1825) appears to have been the 
first to make casts of the form of the pelvic canal. 
He did not go so far, however, as FABBRI (1857) 
whose conclusions, from a study of his casts, are 
that the canal is approximately cylindrical, has 
two walls anterior and posterior, both nearly 
vertical and meeting the floor at right angles. 
When/ 
*The dilated pelvic canal is an ideal construction: 
as BARBOUR (1895) points out, the soft parts are 
normally in contact before and after the passage 
of the fetus. 
2. 
When the canal is dilated, the inferior curved 
portion meets the superior nearly at right angles. 
HOI)G 
': (1864) gives a diagram from a cast of the car. - 
al and considers it a cylinder, the head making a 
straight descent, and then curving forwards to the 
outlet. HFCAR (1870) who also made casts regards 
the canal as a nearly cylindrical passage with an 
anterior opening, alternatively as a short cylinder 
ending in a gutter. 
SADATTEP ( 1330) considers that the fetal 
part descends in a straight line to the floor, and 
he contends that the action of the forceps is a 
striking proof that the descent is rectilinear. 
not _T?r (1884) made casts of fifty pelves after 
death and gives tracings of all of them. His views 
coincide with those of FARRRÌ, and he argues from 
the use of the forceps in the high operation that 
the descent from the brim to the floor of the canal 
is rectilinear. notAßÍ3 states that as early as 
1877 PINA ?D made casts of the pelvic canal and 
arrived at a similar result. Further, TA.RNI R in 
his lectures was in the habit of giving the canal 
this form, and compared it, according to notFmAnn, 
to an aumonière de bourse. IN+Tri Aß. I (1887) made 
a series of casts after having first distended the 
cavity 
3. 
cavity with a fetal head. He describes the canal as 
roughly cylindrical with an opening on its anterior 
and inferior aspect, and shows (for the first time) 
that the pelvic floor does not lie strictly at right 
angles to the walls of the cavity, but is inclined 
downwards and forwards. RUTHFRFORn (1893) gives a 
description which is identical with that of FiÄBBRI -, 
whi1G PAR \rIN ( 1394) accepts the views of BOI'SSARD -, 
apparently without reserve. 
According r Y: f ;71iß (1903) the canal is 
cylindrical, and consists of two portions united to 
one another at a right angle. In 1904 (ernelin 
describes the cavity as cylindrohexnispherical, and 
as becoming cylindro- conical, and lastly cylindrical 
during the passage of the fetus, returning after 
that event to its original forma 
SELLHEIM (1904) regards the initial part 
of the canal to be direct, and followed by an in- 
ferior portion having a gentle bend. In 1906, 
SELLHEIM published a photographic plate of his 
casts, which show a remarkable agreerent in form 
with the tracings of ftODGE, PINARD, and BOI SSARf 
In 1907, he defined the axis of the cavity to be 
straight and that of the outlet to be curved. 
BFRTHAU.T (1908) agrees with FABBRI"S con- 
elusions/ 
4. 
conclusions, and elaborates 7GI >AR-I 9 argument for 
the straightness of the superior portion of the 
canal from the direction of traction with forceps. 
It appears, then, that those who have adopted the 
method of investigation by making casts of the 
pelvic canal differ very little in their conclusions 
as to the form of the canal. Most authors, on the 
contrary, ascribe to the canal a course which is 
more or less continuously curved from the brim to 
the vulvar outlet, and they apparently do so only 
on theoretical grounds. Clinically the problem may 
only be studied during traction with the forceps 
applied nt or above the brim, ar SABATIER, BOISSARD, 
and later BRTHAt1T lave shown. And particularly 
when axis -traction forceps are used, there does not 
seem to be an appreciable error in the conclusion 
that the descent of the head from the brim to the 
pelvic floor is rectilinear. 
FABBRI considers t ̀ .,e superior portion to 
extend downwards from the brim as far as the coccyx. 
and its depth to be increased in the last period of 
labour to a maximum, resulting in repulsion of the 
f cccyx ,hollowing out of the floor or active portion 
of the pelvic canal, and increasing the height of 
the subpub ie space, which leaves indefinite the 
determination of the boundary between the two 
portions. HYERNAUX (1366) also affirmed the 
depres sion/ 
5. 
depression of the ceccyx and the increase of height 
in the subpubic space, and lil ;e YABBRt thought 
there is no increase in the antero -posterior diameter 
of the outlet. BOISSARD and INVERARDI corrected 
this error and eaphasized the importance of the 
increase. The latter divides the superior portion 
or excavation into two parts, a superior almost 
entirely osseous und little elastic, extending frill 
the brim to a plane running from the inferior border 
of the symphysis pubis to the anterior wall of the 
sacrum, and an inferior os secus only laterally 
and at the inferior part of the sacrum, otherwise 
very soft and elastic. The inferior portion of the 
canal is inserted nearly at right angles to the 
inferior and anterior margin of the pelvis which 
constitutes the inferior strait. 
=PA. P 1890) divides the canal into two 
portions at a level corresponding to tels Second 
parallel plane 01 HODGE and the oubdivision of the 
cavity recognised by i.NVEARDI , the upper portion 
hewing equally long anterior and posterior walls - 
the cavity, and a lower portion - the "pelvic funnel". 
VEIT x1887) also attaches importance to the second 
parallel plane of HODGE Mich extends from the sa- 
pubic ligament to the middle of the second bone of 
the sacrum, and is parallel to the Inlet. 
D1:EZI 
s. 
D gELIN (1903) places the line of separ- 
ation at the level of the sacro-coccygeal articul- 
ation and the lesser eacro- sciatic ligaments. 
e2eeHEIM ( 1907) divides the canal into 
three portions - an inlet segment extending from the 
level of the upper border of the symplysis. ow the 
pubic spine, and the promontory down to the so- 
called terminal level of von fi1?ORi P ( 3.331 ), thus 
giving articulate expression to a distinction ex- 
i et *ng between the levels of the conjugate and the 
transverse diameters of the brim, of which Winter 
(1837) had already recognised the practical import- 
ance; the cavity extending from the terminal level 
to a level beginning at the lower pubic margin and 
extending backwards to the spine isohii; where the 
inferior portion begins, and whence it extends to 
the outlet on a level in front of the pubic arch. 
The division and subdivision of the pelvic 
canal into segments appears to be guided mainly by 
the individual outlook whether anatomical or 
mechanical, and in the latter case according to the 
views each one holds on the mechanisim of labour. 
Perhaps, the main division of INVERARDI is the most 
acceptable from the mechanical point of view, as 
it cones in at a level which mark the end of the 
greatest/ 
7. 
greatest change in the mechanise of the ordinary 
labour. 
The line which, from a mechanical point of 
vier, m r s the dAvision of the dilated pelvic canal 
into two portions, extends from the lover Margin of 
the soft parts under the symphvsis pubis, these 
parts being com:lon l y as deep as and nearly as resist- 
ant as the region of the symphysis before extension 
begins, down to the lower margin of the ischio- 
pubic rams, across the internal lower surface of 
the ischiel tub resity. along the lower margin of 
the great sacro- sciatic ligament to the apex of the 
sacrum, and round the other side of the pelvic canal 
in the same manner to the starting point. Within 
the canal above this level the ;mechanism of flex- 
ion and internal rotation are ordinarily completed, 
and the phenomena of labour are distinctly con- 
joined with the form of the bony and ligamentous 
canal.; below this level the mechanism of extension 
is ,dore especially concerned, and the passenger is 
mainly enveloped in soft parts. Within the superior 
portion a slaadivi sien can be marked off, in addition, 
at a level where commonly the first stage ends ?.nid 
the second begins. This level corresponds to the 




is, as a rule, in the parallel plane of the ischial 
spines and the lower part of the obture cor foramen 
of either side.4 The vertical distance from this 
level to the lowest point of the line separating the 
superior and the inferior portions of the pelvic 
canal is comparatively short. But its passage is 
often the slowest and the most tedious part of 
normal labour, and within its boundaries in a 
greater proportion of labours the processes:; flexI n 
and internal rotation are completed. 
Though the superior portion of the pelvic 
canal is regarded as being approximately cylindrical, 
variations from the truly cylindrical form can be 
observed in a large proportion of examples. These 
variat ions top:e r to have a bearing on the mechanism 
of labour. 
MEYER ( 3873) divided the sacrum into pelvic 
and perineal portions, the former consisting of 
the first and second vertebrae, of which the anterior 
surface is straight and is inclined upwards and 
forwards, the latter or perineal portion being 
curved and directed downwards and forwards; and. 
INVERARDI (1885) came to the conclusion that the 
differences/ 
4 This level corresponds approximately to the third 
parallel plane of Hodge, and it is here that rapid 
contraction of the canal begins. 
9. 
differences between the two Portions arise from the 
action of pressure in the course of development. 
The straightness of the pelvic portion was observed 
by NAEGFLE (1325), and it forms one of the factors 
in his estimation of the axis of the canal. 
TRIDON71ANI (1901) claims to have proved a constant 
relation between the length of the conjugata vera 
and the altitudinal length of the sacrum, the factors 
for both being the general dimensions of the pelvis, 
the projection of the promontory, and the inclination 
of the pelvis; while PATERSON (1393) considers the 
size of the sacrum to be influenced by its curve. 
In the latter instance, however, it is more probable 
that both the size and the curve are to be attributed 
to a less evident cause. SCHWE EL (1361) found the 
sharpest bend and greatest depth, measured 
perpendicularly from the "airline", at the third 
sacral vertebra. JOESS_EL and WALnnYER (1899) confirm 
this observation, and also that of L EYER. The 
greatest depth of the sacrum from the airline is 
given, by SCHOEL as 10-14 lines, by BARNES (1385) 
as l- inches, and by GARRIGUES (1902) as 27 rnrn. 
SCHWFG f'L records in addition, that the lateral part 
of/ 
In BRAUN'S section of a male (1874) the depth is 
10 mm., in a female 11 mm. The lengths are 44 inn. 
and 45 mm. respectively, so that the sacrum is relat- 
ively less deep in the female than in the male. 
10. 
of the sacrum on. each side is less bent than the 
middle, and gives 3 -6 lines as the lateral deptì. 
a considerable flattening which is very evident 
in the frozen sections made parallel and lateral 
to the i esial plane by CHIARI (1878), PINARD and 
VARNIER (1892), ZWEIFEL (1893), ALLIUTT and PLAY - 
FAIR (1896), LEOPOLD (1897), and. PESTALOZZA 
(1897), all these sections cutting through normal 
pelves, with the exception of that of LEOPOLD. 
These sections further show'the irregularity of trie 
lateral anterior surfaces of the sacrum in a 
direction from above downwards - an irregularity 
which is also present, though to a much leas extent 
on the anterior surface of the vertebral 
bodies of the sacrum, and which is recorded in the 
tracing of the outline in the menial plane of the 
cast made by HODGE. In comparison with the relative 
roughness or irregularity of the anterior aspect 
of the sacrum, the other walls of the bony canal 
are very smooth, a fact to which ALLPORT (15112 ) 
has directed attention. The inference from these 
dispositions is that the anterior surface of the 
sacrtucx has not been evolving in a manner to 
correspond with the passage or sliding of a' body 
over it. According to GRAY (1887) the depth of 
curvature/ 
11. 
curvature of the sacrum is less in the female than 
in the male (see antea relative to BITATJA sections) , 
while as is well known the sacrum has no curHtre 
in the lower animals. It In therefore probable 
that thy: ourta'tî6 of the sacrum is a product of the 
numerous factors operating through the erect attitude, 
and the existence of a causal relationship between 
the fetus and thy:; c ar-vetu of the sacrum has not 
been established. Though at a given .n moment a portion 
of the fetal part may occupy more or less of the sacral 
concavity, it has not been proved that the presence 
of the concavity is essential to the mechanism of 
labour, SELLIEI3 (1904 and again in 1907) has 
written vigorously on this matter, "The greater 
part of the sacrum can indeed be resected without 
bringing about a disturbance of the progress of birth: 
"The most varied forms of the sacrum remain without 
influence on the mechanism of labour." 'The posterior 
pelvic wall possesses the least importance, because 
the extension of the soft parts has its fulcrum 
essentially on the anterior and lateral pelvic walls, 
and on this account presses forwards." These words, 
if I understand aright, were written on the strength 
of LIH0TSKy' S case of labour after a XASKE operation. 
Granting / 
12. 
Granting that there is a difference between a sacrum 
more or less removed arnd a sacrúm without a curve, I 
hope to show that the hollow of the sacrum does not 
wnstitute itself an essential factor in the mechanism 
of birth. 
The postero- lateral wall extends from 
the margin of the inlet to the inferior border of 
the great sacro- sciatic ligament. Above, it Is 
formed by the postero -lateral surface of the ilium, 
the sacro -iliac synchondrosis, and a small portion of 
the wing of the sacrum; below, by the surface of the 
sacro- sciatic ligaments. Between the upper and lower 
portions there is a wide gap - the sacro- sciatic 
foramen Which is filled mainly by the belly of the 
pyriformis muscle, and over which the soft wall of the 
dilated pelvic canal is stretched. VEIT considers the 
Pyriformis muscle to project into the canal and to be 
of importance for rotation - a view which is denied by 
SELLHEIM (1901), and by WINTER who believes the 
pyriformis is stretched tightly between its extreme 
insertions during the passage of the head. In any case 
this portion of the pyriformis has no solid backing, 
and it seems unlikely on that account that it will be 
excessively thinned from pressure. More probably, it 
remains as a substantial pad behind the intermediate 
portion/ 
13. 
portion of the postero -lateral wall, so that this 
wall of the dilated canal extends from the inlet 
straightly downwards and forwards in a pelvic sense 
to the upper margin of the lesser sacro- sciatic 
ligameritv Across the sacro- sciatic ligaments the 
projection forwards is greatly increased, and these 
ligaments form a broad tense band which can usually 
be palpated clinically, after the coccygels muscle 
which covers them has been effaced, According to 
(1891) , however, the sacro- sciatic ligaments 
are very elastic and yielding. 
The lateral wall is & narrow zone extend- 
ing downwards from the brim behind the ileoapect- 
ineal eminence, At the brim it is centred by the 
extremity of the transverse diameter of the inlet. 
Below, it passes behind the obturator foramen and 
includes the spine of the ischium, the ascending 
ramus, and the greater part of tYs totems :ty of the 
ischium. The internal surface of the lateral wall 
is inclined downwards and inwards, the projection 
towards the mesial plane becoming steeper on the 
internal surface of the ischialimlborsIty . In 
addition, the two lateral surfaces are not equally 
inclined. An antero -posterior horizontal section 
in the plane of the ischial spine shows a consider- 
able 
14. 
considerable projection inwards of the spine, as it 
points towards the lower lateral border of the 
sacrum. Opinions have differed as to the amount of 
contraction of the lateral walls in a downward 
direction. Earlier writers (DUBOIS 1849, TYLER SMITH' 
1858, HODGE 1364, TARNIER and CHANTREUflI 1332 and 
SPIEGELBERG 1832) allow it to be considerable. GARSON 
(1881) BARNES (1884) and BRINDEAU (1896) reduce j the 
apparent contraction to some extent. BOISSARD found 
the two walls nearly parallel, and with this BERRY 
HART (19 "12) appears to agree, , though he gives a 
difference of one inch in the transverse diameters 
of the inlet and outlet. On the other hand, 
INVERARDI (1887), LUSK (1891), CALDERIT (1894), 
JELLETT (1905), GALABIN and BLACKER (1910), all admit 
as great a degree of contraction as the older authori- 
ties. Thus the balance of opinions among those cited 
favours a contraction with descent of about one inch 
or 2 -5 cm. 
The antero- lateral wall ranges at the in- 
let. from the ileo- pectineal eminence to the symphysis 
pubis. It includes the obturator foramen, the ischio -r 
pubic ra lus, the body of the pubis, and the soft parts 
underthe pubic arch. SABATIER pointed out that the 
important height of the antero -lateral rail is the 
level of the ramus. KIWI SCH (1346) had already stated 
the important part taken by the hard border of the 
ramus/ 
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rsmus in t}1e mechanism. HART (1885) admits the 
guiding influence of the pubic ramuu in reference to 
the mechanism of rotation, but from the Guide to 
ididwif'Ary (1912 ) I have no note of its nenti. t)n. 
The ant r.o-ltora), wall is remarkably sncc.thi its 
general inclination from brin is downwards and for- 
wards, but the ischio-ro-,ubie margin projects rather 
sharply inwards in continuation cf the projection 
along the lower margin cf the tuberosity. 
The soft tissues under the pubic arch are 
usually sufficiently deep and resistant to affect 
the mechanism. They form the lowßr. part o f Hart' fi 
pubic segr?.ent. These tissues are eventually -drawn 
up "in tine for the birth cf the ch3.ld., u BERRY HART 
appears originally to habe believed that this took 
Place early in labour, but, aftel SymINGTOTt 3-889 ) had 
drawn attention to the app:eatsnee of the segment in 
ÁRAFrNL'S second (1872) section, he limited the 
period of occurrence to the second stage. The exact 
range o#' time during which the 'segment is drawn up 
is, however, by rio means clear. Clinically its 
diminution a.nd disappearance are not man.tfP;;t, until 
extension of the head has begun. Webster (1890), 
in three cases in pregnancy, fouri. this portion of tho 
pubic segment, to be re5pectively 1* ins, 1-:irls., 
and/ 
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and.. in . deep, and in the two former the depth was 
reduced to - in . , and 
5 in. in the second stage. The 
anterior wall of the pubis has a mean depth of 1 
ins.,(GARRIGUES), so that the total depth of the 
anterior wall in the mesial plane may be at least 
2 inches (67 mm.) in pregnancy, and 2á inches 
(58 mm.) at some undetermined period of the second 
stage. This greater depth contains, therefore, a 
possibility bearing on the mechanism of descent. 
f4. . The pelvic floor is contained within the 
lover subdivision of the superior portion of the 
pelvic canal as it has been defined. During the 
second stage it descends and is distended., until the 
greater part of it comes to be below the level of 
the outlet, or boundary between the superior and 
inferior portions of the pelvic canal. From the 
me lhanical point of vier of parturition, the group of 
muscles known as the pubo -coccygeus ought not to be 
considered as forming part of the pelvic floor. They 
rest on the bony and ligamentous walls at,or just 
above, the outlet, and have no capacity for ghat may 
be termed up and down movement which is mechanically a 
characteristic of the pelvic floor. Further, though 
they are found clinically to be prominent structures 
in the earlier part of the second stage, they gradually 
disappear/ 
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disappear - efface themselves, as it were, as labour 
advances. That is to eay, they are no more part of 
the pelvic floor mechanically than is the obturator 
internos. The pelvic floor, therefore, consists 
mainly of the coccyx, the 1evatoren ani, and the 
soft tissues associated with them. As these muscles 
are attached in part to the walls above the outlet, 
they cannot wholly descend below the level of the out 
letAs labour advances, the pelvic floor descends, is 
distended, and lengthened, and it has a very short 
superior wall (in an antero- posterior sense) which is 
formed in part by the pubic arch, so that as early 
as 1854 DUBOIS :sightly compared the inferior portion 
of the canal to a gutter.. HART (1878 -9) divides the 
floor into right and left halves for mechanical 
reasons, and considers it to be a lever of the first 
order, owing to the recoil being more apparent in 
the anterior part of the flc;,4;M, VON ARX (1911) 
points out that the coccyx has a spring -like action 
which acts on the posterior part of the floor, so 
that for a time at least, the floor may become more 
horizontal than oblique. INVERARDI . 87) divides the 
floor into two triangular planes united at an obtuse 
angle on the level of the inter-ischiatic diameter. 
He considers it to be a new canal of which the floor 
18. 
is lowered and lengthened, the soft parts of the sub - 
pubic arc being much lengthened and widened, an in- 
crease of the sub -pubic sp,: ce to which Roissard had 
already directed attention. INvpRARt1 divides the 
inferior portion of the canal into a posterior part 
directed from behind, downwards and forwards, and 
an anterior part leading from behind, upwards and 
forwards. The latter portion is formed mostly by 
the dilated and lengthened vulvar canal, and it ends 
at the vulvar outlet. The outlet is variable in 
position, but always surpasses the altitudinal 
plane cf the symphysis, which confirms the earlier 
views ox' I3OISSARf who found, in addition, that the 
outlet ends at a variable level on the anterior wall, 
either higher or lower. In the former case the upper 
margin of the vulvar aperture lies on the anterior 
face of the pubis. For INVERARDIS the superior wall 
of the new canal is not wholly pubic arch, but is, 
in part, .formed by distended vulva VAnNIFR (1888) 
attaches great mechanical importance te the pure- - 
ceccygeus muscles (already referred to) which form 
a highly resistant uboutonniére° running in an 
antero- posterior direction along the pelvic floor. 
These muscles, as it has been shown, are found 
clinically/ 
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clinically to disappear under pressure, and they are 
more allied to the pelvic wall than the pelvic floor. 
Paramore (1909) who has devoted much attention to 
the subject describes the pelvic floor as consist- 
ing mainly of the coccyx, the cocceoeal ligaments, 
and the uJSusaulature 4,f the recess." The floor be- 
cornes a broad gutter like a declivity, at the lower 
end of which is the posterior commissure of the 
pubo- rectalis muscle. The commissure attains to a 
greatest distance of five inches from the fourchette; 
so the pariréutá becomes greatly lengthened and 
stretched. The vulvae aperture becomes extremely 
oblique and approaches the coronal plane, while the 
plane of the "pelvic floor aperture" (the cleft in 
the pubo- rectalis muscle) is less oblique and 
approaches the horizontal plane. According to 
Paramore (1909) this is proved by the position of 
the posterior commissure of the pubo- rectalis above 
and behind the anus o These dispositions are probably 
cf significance to the mechanism of extension in so 
far as the ultimate stretching of the muscle is con- 
cerned, but as is the case with the pl.rbo- ceccygns 
muscles, the pubo- rectalis under distension frpm 
pressure . becomos uniform with the pelvic floor, and 




X55. Just as a kind of plant or animal has often 
a salient feature which is its chief distinction, 
and which influences the other characters to be 
taken_ into account, so with the pelvis rhether it is 
regarded as a part of the skeleton or as a canal, 
tile relative height and projection of the promontory 
are a valuable index to its form. Thus von Proriep 
distinguishes two types of normal pelvis - the one 
with a high standing pro.nontorV and a long small 
sacrums the other with a low -level promontory and a 
short -broad sacrum; the former being an infantile 
type indicative of easier labour, and the latter a 
more developed form associated with more difficult 
labour. 3ALANni it (1890) in resuming the work of `'PT e 
and arT, ; i,°;,,ÿ, divides normal pelves into two groups - 
(1 
. Vii; jT e r type in which the con jugatt vera stands 
higher above the transverse diameter of the 4plet, 
and the promontory is less projecting; and(2. 
' T x rr1 type where the con jup;at vera is little 
raised above the transverse diameter, and the 
promontory is more projecting, being apt to press 
upon the head. Unfortunately, the relative height 
of the promontory is not easily determined. The 
not dissimilar methods proposed by KIvISCxr 1846 ) 
for anatomical preparations, and by I3ÁRf30îj (1393) 
for frozen sections have an inherent source of error 
in/ 
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in the fixing of the horizontal plane *hThh iS the 
basis of both methods, while Ba.land.in' a procedure 
does not seem to be of easy application in life. 
None the less the broad distinction drawn by von 
FRORTrR and NAL.ANDTN js of value whenever the pelvis 
is thought of in relation tc the mechanism of labour 
Referring to the influence of the height of 
the promontory and the symphysis on the comparative 
length of the eon jugata vera, j3ARBOtTR' (1900) con- 
cludes that the variation in the length of the con- 
jugate 3s not due to the relative height of the 
promontory, but to a variation of the inclination of 
the brim. VON 6ASZYìú(- (1905) On the other hand 
states that little attention has been directed to the. 
position of the promontory relative to the symphysis. 
Of the three effective factors for the length cf the 
coon jugata vera the relative tive height of the promontory 
has the greatest and the relative height of the 
symphysis the least influence. As it regards the 
mechanism 
PADRE ' 
of labour, there is much to be said for 
t,titule (191D) . FABRE. _c;cepts two planes 
of the inlet and distinguishes therm as transverso- 
pubic (Fochier) and promonto -pubic respectively, the 
former bounded by the superior border of the pubis, 
the innortlnate line, and the second sacral body; the 
latter by the superior body of the pubis and by the 
Promontory/ 
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promontory. As we shall see, while the latter is 
able to cause grave difficulty in labour the former 
is more intimately connected with the mechanism. 
Sinning up the form of the superior 
portion of the pelvic canal, spir;GP,I,BERG ( 1832 ) 
writes the pelvis has most roan in the transverse 
diameter of tte inlet, in the oblique diameter of 
the cavity, and in the antero - posterior diameter 
of the outlet; the convergence of the Posterior walls 
below is a factor of great importance to internal 
rotation. tUf3ERT (2.356) and PABFIRI (1357) describe 
two convergent planes based on the bi- ischiatic 
diameter, the anterior - the ischio- pubic, and the 
posterior - the ischio- sciatic formed by the sacro- 
sciatic ligaments. S;. ITH (1 853) names four 
inclined planes in the cavity, and no less than five 
in the outlet, while the canal is contracted at the 
ischiaï spines and tuberosities, and bulged out at 
the greet sacro- sciatic foramina. HODGE ( s3;ß ) 
recognises two inclined Planes on each side of the 
pelvis, anterior and posterior divided by a line 
extending from a point on the margin of the inlet 
three -quarters of an inch before the sacro -iliac 
synchondrosis downwards to the end of the ischiel 
spine, and prolonged so as to cross the sacro- 
sciatic 
2,3, 
sciatic ligament one and a half inches from the 
ischial tubeIOsity. The anterior inclined plane lies 
in front of the dividing line, and is directed from 
above downwards and inwards, and from behind for- 
wards; tale posterior inclined plane lies behind the 
dividing line, and runs mainly downwards, backwards, 
and inwards. With the soft tissues in position, 
the inclined, planes are prolonged to the middle of 
the pelvic floor. L EI SIf' :` AN (1876) and PDAY'FAI 
(1393) base the anterior and posterior inclined 
planes on a line joining the ilio- pectineal eminence 
and the spine of the ischion. These authors to- 
gether with TYLER .S' 'IT.I± e.ttach great mechanical 
importance to the inward projection of the Ischia). 
spines - a projection which appears to have been 
exaggerated. According to TARN/ER and CWÄNTR UtL 
(1332), the theory of the inclined planes originated 
wits.. BAUDELOCQUE. They will be considered more 
folly in the section on internal rotation. 
The increasing recognition of the import - 
ance of the soft parts in modifying the form of the 
pelvis has lessened .the value with which these 
obstetricians este 'ned the inclined planes. As it 
1.19s been repeatedly pointed out in the text books, 
the main objction to the planes is the stereotyped 
minuteness of architectural form which is attributed 
to/ 
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to pelves notable for their var.iationì of sha-on with- 
in uncertain limits. 
r 'TT (1337) observed a reduction in the 
transverse diameter of the inlet by the psoas and . 
ìliacus muscles, and in the cavity by the pyrìformis 
and obturator internus, "there being a contraction in 
the postero-lateral region of the cavity and at the 
outlet transversely and posteriorly". TINTER denied 
the truth of VIT" conclusions, and rr,ther 
uncharitably attributed them to the results of 
anatomical manipulations. For WINTER "the muscles 
carpet the )elvis in such a way as to be thick where 
the bones are weak". He attaches importance to the 
coccygeus muscles, the more raised part of the pelvic 
floor, and considers they limit a vacant space on 
the anterior surface of the sacrum of value for 
long rotation. ZWEI FEL (139 0) sup port s VET' S 
conclusions. The parallel BECKEN' EITI; and }3ECKEN- 
ENGE C Z7EIFEL are long ovals even without the 
soft parts, and ',frith them much more so. In th 
BECKENENGE the soft parts, namely the obturator 
internus and levator ani, are very prominent and 
mechanically significant. According to BACKER (1391) 
the greatest reductions of the diameters by soft 
parts are in the transverse diameter of the inlet 
and in the oblique diameters of the outlet. 
GELLHEIM/ 
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SELLHEIM (1901) in a primipara found that 
the obturator internus pressed on the occipu.t . but 
the pyriformis and psoas did not do so. In his 
later writings, however, the obturator internus is 
not mentioned.. Thus in 1007 he says ( freely trans- 
lated) "in large pelvds and in the upper cylindrical 
segment of small pelves the muscles clothe the walls 
like pads, and remain in their usual positions with - 
out producing any speC.ial effect on the mechanism". 
Thus opinions differ regarding the precise 
mechanical value of the muscles lining the pelvic 
canal. Clinically, the principal effect of the 
muscles is in the first instance to reduce the length 
of the pelvic diameters, and thus to, oppose a 
resistance which spells delay to the presenting paT 
7 
but under repeated or sustained pressure of the 
presenting head they thin out wherever they are 
hacked by bone, and become usually indistinguishable 
from the general wall of the canal. On the other 
hand, during the passage of the breech, when it 
comes first, the thinning and disappearance of the 
muscles are not so evident, so that it comes to this 
that, through the presence of the muscles and through 
their behaviour under pressure, the breech has to 
traverse/ 
Dubois (184) refers to the "powerful resistance of 
the pyramid.alia and obturator internuO, and adds 
that Flamant and others considered these muscles to 
contract and thus to influence the position of the 
head. 
26. 
traverse a canal of different diameters from that 
trammnitting the head. Partly for this reason,the 
primiparous canal is primarily, and to a certain 
extent ultimately, a smaller canal than that of the 
rnult ìp ar a . 
ti7. Various planes of the pelvis, horizontal in 
a general sense, and either parallel or not parallel 
to the plane of the inlet, are de^cribed.,and have 
varying degrees of importance. TYLER SMITH (1358) 
gives a mid -plane from the middle of the symphysis 
to the middle of the third sacral vertebra. . It 
descends on each side across the obturator foramen, 
along th spine of the isehium, the lesser sacro- 
sciatic ligaments, and then ascends to its posterior 
end. Its section is therefore a curve which is 
inclined at an angle of 300 to the horizon, when 
the inclination of the brim is 600. HODGE (1384 ) 
recognises four parallel planes. The inlet forms 
the first; the second extends from the sub -pubic 
ligament to the middle of the second sacral vertebra; 
and is the plane of the greatest dimensions; the 
third is on the level of the spines of the ischia, 
and extends to the lower and most curved part of 
the sacrum, and to the rami of, the ischia; it marks 
the beginning of rapid pelvic contraction (cf Tranow 
1838); the fourth is marked by the extremity of the 
coccyx, and is the pelvic floor. According to VEIT 
(1337) the second parallel plane (HAUPTEl3ENE) is the 
level 
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level to which the head descends before labour 
begins. It is parallel to, and rather higher than, 
the level of the lourer margin of the obturator 
foramen and the spine tof the ischiur. ZWEiFEL ( 1890 ) 
distinguishes three planes - 1. Beckenweite, extend - 
ing from the middle of the synphysis to the under 
border of the first sacral vertebra; 2. parallel 
BECx N T Es which corresponds to the second parallel 
plane of Hß170; 3. aBE0:I4,RNEI E . 
Reference ras already been made to the 
positions of the second and thirst planes, and to 
the forms which ZWElTED considers them to have. 
According to DEMEL1N (1903) a plane extending through 
the ischial spines from the last sacral vertebra is 
the plane of greatest contraction, and that it is 
the fourth non -parallel plane of BA7 ANn1N, the lower 
strait of RITCEN and VEIT, and the least passage of 
3RINñ1AU (1896) who however, states that the posterior 
level lies near the articulation of the fourth and 
fifth sacral vertebrae, and adds that the plane 
cuts the symphysis at the middle of its lower third. 
For J MJ CT (1905) , a nearly similar plane forms the 
true outlet of the pelvis, and at the saine time the 
plane of greatest contraction. On the other hand, 
VARNi3 (1888) lifte RAS SBOTHA (1841), fixes the 
position of the outlet at the inferior margin of the 
pubis/. 
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pubis, the ramus and tuberosity of the ischtum, the 
sacro- sciatic ligaments and the border and »oint of 
the coccyx, which agrees very closely with that, one 
which I have described. 
6v The inlet of the pelvis is ellipsoidal 
( cAL, RhiiI) inclining towards the reniform, accord - 
ing to the degree of projection rf the upper dart 
of the sacrum including the promontory. The con - 
jugate is the antero- posterior diameter in the 
mesial plane. The plane of engagement is that of 
the transverse diameter of the brim, the mechanism 
being modified more or less by the relative position 
of the promontory. The length of the transverse 
diameter is reduced primarily by the thickness of the 
psoas muscle on each side, but it can probably be 
increased according to the requirements of the 
presenting part of the fetus. The upper segment of 
the cavity to a vertical depth corresponding to that 
of the first sacral vertebra contains postero- 
laterally a nearly rectilinear space which may be of 
importance in securing stability of the head, after 
it has descended into the cavity in the normal 
position and presentation. Below this level and 
down nearly to the plane of the ischial spines, the 
shape of the cavity is primarily a long oval (Zw5:/F ) 
with its longer diameter antero- posterior, the 
transverse/ 
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transverse contraction being duel mainly to the 
pyriformis and obturator internus muscles, but under 
the stress of the birth the thickness of the muscles 
is lessened, and the form of the cavity becomes 
t 
secondarily more nearly round. From the level of 
the ischial spines downwards to the uneven margin Of 
the outlet, the cavity is secondarily lozenge -shaped,, 
and in addition it is a shallow trough laterally 
and posteriorly. It is longer from before backwards 
than from side to side, where strictly the conjugate 
lies between the ischial tuberosities. It forms 
the inferior subdivision of the superior portion of 
the dilated pelvic canal, and may be readily divided 
into anterior and posterior segments by an imaginary 
line joining the posterior ends of the ischia.l. 
tuberosities. The anterior segment formed by the 
pubic arcade is in a vertical sense approximately 
the segment of a circle. The posterior segment 
shows the outline of a truncated V and is the more 
trough -formed portion of the inferior subdivision. 
The V form is due to the absence of bony connection 
at this level between the Ischia and the sacrum. In 
its place are the tense and resistalt sacro -sciatic 
ligaments, 
.I 
In this upper subdivision of the cavity the position 
of the rectum posteriorly and slightly to the left 
of the middle line, and the position of the bladder 
anteriorly may influence the position of the head 
in' late.. pregnancy and during the first stage of 
labour. 
30. 
ligaments which form, as it were, two chords of the 
incomplete bony circle, with as a result a rapid 
contraction in a transverse sense of the posterior 
segment of the outlet (SPIEGELB Ro:) . The terminal 
portionof the sacrum cuts off the apex of the V. 
The ligaments slope downwards, forwards, and inwards 
(TYLER WITH). . In consequence of the slope and the 
chordal position of the ligaments, the ischial 
spines do not lie in the plane of greatest contrae- 
tion, as they certainly do in the bony pelvis. The 
lesser sacro-- sciatic ligament: is shorter than the 
greater, and the latter is longer along its lower 
than its higher border, so that the longer chord 
of the greater projects more into the imaginary 
circle of the outlet than does the shorter chord of 
the lesser, and the degree of projection of the 
greater is progressive with descent. Thur the plane 
of the greatest contraction in the obstetrical pelvic 
canal lies not at the level of the is.ehial spines, 
but at the margin of the outlet, as it has been 
defined in close correspondence with the 'outlet of 
YAR-Nt ER . Primarily, the outline of the inferior 
subdivision or segment of the outlet is ovoid, with 
the greater diameter running from before backwards. 
This figure is due to the thick encircling roil of 
VARNIER e S/ 
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VARNIEW8 pubo- coccygeus muscles which, however, 
disappear clit 4.caIly ft the regions exposed to 
pressure, and so gi ale to the outlet seconderl 7y 
nearly lozenge- shaped form. These dAs,)ositi_ons of 
the superior portion of the dilated pelvic, canal 
modify the form which the cervical and vaginal canals 
would take, if they exist ed alone. - a form which is 
neceseari iy that of the object passing through - and 
the modifications, as they oueur at a given moment, 
a greater or lesser value which is dependent princi- 
pally on the form, position, and relative size of 
the passenger. In the inferior portion óf the 
dilated. pelvic canal the soft parts have freer play, 
and the fO± mu whi ch they take . is controlled mainly 
by the form of the passenger, so that the shape of 
the inferior portionmay be said to proceed from an 
intrinsic cause, whereas the factors modifying the 
superior portionof the canal are both intrinsic and. 
extrinsic. A transverse vertical section of the 
inferior portion can rarely be truly cylindrical; 
more often it is deeper than it to broad. The 
length of the inferior portion tends to vary, being 
as a rule longer in prinipart+c than in mult iparae, in 
whom it is shortened when the per ineum k has been 
torn. But, in the uninjured condition of the parts 
t he/ 
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the outlet appears always, as already stated, to 
surpass the plane of the pubic. bones . The arlaount of 
distension of the inferior portion, in a vertical 
sense, is dependent on the form, size, and position 
of the passenger, on the strength of the expulsive 
powers,. and on the form and position of the pubic 
arch, a high rounded arch having indirectly a less 
list ensile effect than a low narrow one (SylailErM, 
1905 and 1907a) . PA A :'0RP- (1909c) shows that in 
the dilated vulvar outlet the distension, and there - 
fore the pressure, ure twice as great along the 
lower margin as the distension and pressure at each 
lateral margin, because the lower margin has to 
execute a movement of extension at least equal to 
that male by the two lateral margins combined. This 
circumstance, as Paratnore points out, has a practical 
bearing on the mechanism of rotation at the vulvar 
outlet. 
9. There it a remarkable want of similarity in 
the average measurements reached by different authors 
for the diameters. of the bony pelvis. The discrep- 
ancies are particularly evident in the oblique 
diameters and in the antero posterior diameter of 
the outlet. To form a basis for further remarks, T 
have taken the only course open to me of averaging 
the average results, and this has been done for the 
figures/ 
33. 
figures given by thirty authors. Of Coarse, I am 
aware that the method is indefensible on zathemat i- 
c;al grounds, but when the result to reviewed as a 
whole, It has every appearance of justifying the 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The averages of these figures for the diameters of 
the bony ligamentous Ielvis are : - 
INLET. Antero-postert or. ........1133 Obfi.29. 
Oblique ...> ..... obs.28. 
Transverse . . , , . . ., . , . . . . .13i .7 obs.29. 
CAVITY A.ntero-7}oster:ior . . . . .obs.:LO. 
Oblique -7-7.....--7.128'8 .....obs.tO. 
m:eansve'rse ......---122.9 1 2 .... .obs.l.s. 
OUTLET Antero-po: t Eri er . . . . . . . . 121.7 
Oblique r. . . . . . . . . . . . . . . ..t1S '5 t,;b,ci. trP. 
Transverse ...... , . .....111'3 cabs. 30 . 
The diameters of the bony pelvis Rrn reduced 
to a degree not very well known by the soft Wirts. 
Barbour (1889) from measurements of 33:ziune's second 
section, Chiara's and Chiari's sec.:t,ionS gives the 
following average ri?Ci.uCt,i en,s by the soft parts. (I 
have converted them to the m nt,rics system). 
DIAMETERS. 
Ant-post. Transverse. Oblique. 
Brim 5 mm. 25.5 mn. 6 nm:A-post. 




ZWEIFEL (1890) includes the outlet in his measure- 
ments of the reductions which are as follow:.:- 
DIAA4FTFRS : 
Ant -post. Transverse. Oblique. 
Brim 14 mm. 17 I'nmi. 7 mm. 
Cavity 31 mm. 0 mm. 7 mm. 
Outlet 14 33 mm. 17-5 tea. 
It will be noticed that the two tables do not 
agree with one another in a single measurement, and 
that the differences are eery great. 
Clinically/ 
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Clinically, the hardness of the surface and the ssha ?- 
ness of the margins underlying the wall of thë pelvic 
canal in the regions of greatest pressure, namely the 
ischio pubic raMUiv and the sacro -sciatic ligaments 
as they are revealed to the exploring fingers, 
indicate, that even within the limits of what may be 
regarded as a normal labour, the thickness of the 
soft parts may be and probably is reluc ' to a low 
minimum, whenever the pressure on the parts is con - 
siderable 
Zweifel also gives the measurements of the 








108 mm. 115 Iiwi. 
113'5 mm. 115 mm. 
77'5 mm. 87'5 mm. 
Garrlgue^ estimated reduction for the brim 
only is much less. 
DIAMETERS 
ANT -POST TRANSVERSE OBLIQUE 
Inlet 1017 120'5 mm. 120.5 mm 
to to 
127 mm. 127 mm. 
For/ 
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For the plane of the last sacral vertebra 
and the ischial spines , DEMELIN (1.903) gives an 
antero- posterior diameter of 100 mm. , a transverse of 
118 mm., and an intersciatic of 105mm., which 
BRINDEAU (1896) , however, makes to be 108 mm., while 
the latter allows the diameter between the tubero- 
sities to vary between 120 and 130 mm. Some differ- 
ence of opinion also exists regarding the distance 
between the under margin of the symphysis and the tip 
of the coccyx during the passage of the fetus. 
DEVILLIERS (1862) called attention to the variability 
of this - diameter, and found that it was able to attain. 
to a maximum of 117 mm. Previously, FABBRI and HYER- 
NAUX, according to BOISSARD (1884), viewed the re- 
pulsion of the coccyx in the light'only of increasing 
the depth of the cavity , and the height of the sub - 
pubic space. BOISSARD measured increases of 20 to 
35 mm., and gives data from fifty observations of the 
diameter in the undiluted state, the average subpubic- 
coccygeal diameter being 86.5 mm., the maximum 110 mm . 
and the minimum 63 mm., and he quotes SCHROFDrR to 
show that the diameter measures 87.5 mm., in the 
multipara and 91.5 inni. in the gravid. VARNIER (1888) 
who includes the margin of the coccyx from base.to 
apex/ 
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apex and apex to base within the course of the outlet 
states that the subpubic- coccygeal diameter before 
dilation measures 85 mm. and is increaser by re- 
pulsion of the coccyx by 10 to 30 mo.. VARNIER appears 
to have considered that a widely accepted opinion, 
previous to the publication of his thesis, was in 
favour of a uniform 110 mm. for all three diameters 
of the outlet, when, presumably, the coccyx is in- 
cluded in the outlet. (cf TARNIER and CHAUTRIEUL 
1882) VARNIER aloo gives mean diameters for the pubo- 
coccygei(us muscle in repose, namely 85 mm. antero- 
posterior and 45 mm transverse, and directs attention' 
for mechanical masons to the great preponderance of 
the antero- posterior over all the other diameters. 
It will now be obvious that an attempt to determine 
the true ultimate diameters of the pelvic canal is 
bel nd to be unsatisfactory. The diameters of the 
bony and ligamentous pelvis are unsettled, and very 
little is known as to how far the muscles lining the 
pelvis are capable of being effaced by pressure. At 
present, the views on this matter depend on'the 
evidence of a few frosen sections and on a modicum 
of personal inclination. Lastly, the mechanism of 
the parts forming the outlet, and its -relation to the 
general 
49. 
general mechanism of labour, is metaphcr:i tally a 
quagmire of knowledge. Vern i er's belief that the 
antere-- p,,sterior diameter of the outlet was before his 
time held to be only 110 mm is probably wrong in a 
historical sense. But in any ease it is not proven 
by the evidence of fr(' n 3,, sneti ons. A measurement of 
110 mm for the outlast piakr)s the antero- poster i or 
diameter of the outlet less than the ca n ji {gate of the 
brim,whbreas it is manifest, in the frozen sections 
that the former considerably exceeds the latter. The 
average dimension of the antero- posterior diameter 
of the outlet, derived from the table of rleasurcjments 
- 122 mm, appears to be tolerably near, the truth, not 
only ber the test of comparison with the conjugate 
about whose dimensions most is known, but also from 
the clinical evidence of labour. Afterw<rds I shall 
have occasion to state that in my belief the head at 
the end of intor tt rotation most frequently lies on 
the floor with the occip:ito- frontal diameter parallel 
to the floor. That diameter, as I shall indicate by 
analysis, is commonly abolit 120 ram in length . In 
labour at the end of internal rotation, the anterior 
termination of the frons is approximately in the 
position of the apex of the sacrum. It may be a 
little short of the apex, or a litt1e over, but it 
lies/ 
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lies thereabouts. B0I fisAnD -anci, VAT/NIER /14Ve been the 
chief opponents car' FABBRYSv.í,ryz of the mechanism of the 
eoeeyx, but I u!I not at all sure that F.A.T:BRI wrong. 
It wo'.iid b an awkward arrangement which eailsed an ex- 
treme angular descent of the ecaeetrx relative to the 
lower part of the sacrum °- an arrangement quite out of 
keeping with the adaptati,.m of the parts to the t,tRPin 
Pllrpr'se ce rrender:Ì..IlF; possible the erect atititli.dt'1 and 
the pret-,ress of birth. Fortunately, there is no evi- 
dence, go far as I can see either in the .frozen 
sections ,'r Jr labour itself, for this uncomfortable 
view. During expulsion, the cocyx remains very nearly 
In _line with the lower vertebrae of the sacrum, and 
the mechanism exists p-artly in vi_rt,üe of the form of 
the parts and partly, .t5 i shall po:illt out later, by 
-tI1 appropriate rot;.atioI1 of the sacrum. In consequence 
the he-1d in the movement of E1xtAnsii:I'1 does not pass 
the apex of the sacrum. bui '_eaves it , and travels 
parallel to the axis of the lower vertebrae of the 
sacrutn, and Of the ,'oea?vx. Afzrthter result is t,hat, 
in normal labour, while the antt700-?1^sterir;r diameter 
of the outlet is probably increased, it is not en- 
larged to facilitate the passage of the held through 
that/ 
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that diameter, but in order to increase the depth of 
the sub -pubic space, as F'ABT3k3I anci HYERhAUX have it. 
In the next table I give in throe parallel 
columns the average dimensions of the bony and 
ligamentous polaris from the previous table; the 
average dimensions of the same reconstructed from 
ZWEIFELS figures; and 2TTEIV. l s rt_imensi.ons for the 
soft canal. It will he seen that the average pelvis 
fro:a. ZWEITIffi , in compari son with my comriied average 
is rather small, except in the transverse diameter o 
the outlet, and that it has a greater curvature of 
the sacrum. The diameters given b.y.. ZWEIIs li for the 
canal with the soft parts in position might possibly 
be accepted to represent the stage of dilation in ad- 
vance of the head, and where the pressure ëxrc ,sed. 
by the head is not severe, but they cannot be taken 
as a measure of the ultirvate possibilities of the 
soft canal. In this direction history does not lead. 
As it seems to me, and I have seen it stated some 
Where, that the soft parts in complete dilation are 
not more than six to eight millimetres thick where 
pressure is most severe, I will apply that reduction 
to the average diameters of the bony and ligaientous 
pelvis, whenever it becomes necessary to refer to the 
diameters/ 
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diameters in the nëscrípti.on of the mechanism of 
labour. 
COMPARATIVE TAT?LE OF Tim AVERAGE DIAPtETEPS 
OP' THE PELVIS AND THE PELVIC CATdAU. 




inlet. A-P. 113:3 108 94 
O. 12$'7 122 115 









T. 122'9 113'5 113'5 
Outlet a-P. 121'7 116'5 
O. 116'5 105 87'5 
T. 111'3 110'5 77.5 
The/ 
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i' 10. The study of the axes of the Pelvis and of 
the pelvit canal is difficult, and it is not surpris - 
ing that the results attained are more'or less variant 
and unsatisfactory. To a certain extent, the diff- 
erences are due to the centre line, and the direction 
line of the pelvis and canal, and the course which 
the passenger takes not being clearly distinguished 
on paper (cf .HEGAR 1870); and also to an insufficient 
account being taken, with exceptions, of the differ- 
ences which exist between the bony pelvis and the 
pelvic canale For the pelvis the axis which is due 
to NAEGELE (1825) is probably the most popular. 
NAEGELE 1efines the axis as a line equally distant 
from the four walls of the pelvis, and points out 
that it is neither an arc of a circle nor two straight 
lines. From an examination of numerous normal pelves 
he finds that the internal profiles of the first two 
sacral vertebrae and the symphysis pubis can be re- 
garded as straight, and as this upper portion of the 
cavity is surrounded by bony walls a central line is 
constant for the cavity, and is straight or direct. 
But, in the space lying between the three last sacral 
vertebrae and the anterior pelvic wall, the line is a 
curve/ 
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curve In accordance with the curvature of the anter- 
ior and posterior walls. He further shows that the 
anterior and posterior walls near the inlet make 
angles little more than right angles with the cori- 
jugta vera, and his conclusion is that the axis of 
the inlet coincides with the axis of the upper part 
of the cavity, but he admits that the result is not 
mathematically exact. NA ,IG LE' S axis is the axis of 
the pelvis for the majority of the later authors. 
His conception, admirable as it is, is no more than 
a projection of the axis of the rmesial plane of the 
bony pelvis. It takes no account of the modifica tons 
induced by the antero- lateral, lateral, and postero- 
lateral walls, or of the changes promoted by the 
soft parts. KI, , TT cH 1 1846, broke new ground and 
to some extent anticipated the work of later and 
better known writers. According to Kiwisch, the 
inclination of the canal is not necessarily in direct 
relation to the inclination of the conjugate vera. 
The measure of the inclination of the canal is the 
angle which the inner surface of the pelvis makes 
with the con jugata vera. This angle, is always great- 
er than a right angle, is usually about 1000. Then, 
he writes at length and with some reason to show that 
deductions/ 
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d3ducti Ln 3 based on the inclination of the conjugata 
vexa, and th® direction of pressure thereto, may 
prove] erroneous when they are applied to the pelvic 
canal, DUNCAN ('L868) d.n.firies the -axis of the inlet as 
a line dotting the mid point of the plane of the 
brisa, and extending rigrrnw ryis to the apex of the 
sacrum. It is also his axis of thee cavity, as he 
stakes the head follow it. so also TARNIER and 
CHANTR L. (1882 ), who define the axis of the outlet 
as a line cutting the mica point of the plane tif the 
outlet at right angles, and extending upwards s to the 
prorncntory caf the sacrum, while a carved line to 
which the axes of inlet and outlet are tangents 
forms the axis of the canal. In both ;nit trlc:es, h ow- 
ever, the -axes are ObviouslF true to a certain extent 
only for the bony pelvis. and n ireicat,i.er given 
of p.essible modifications by the soft parts. L,hs 
(1870) separates the axis of the bony pelvis from 
that of the pelvic canal, orle? assigns to each the 
mechanical conditions under which it represents thr: 
Course )f the head. But FA BBR'I.:: -'11 18 57, had already 
seen the distinction. and had def i.rted it with con - 
siderable accuracy. FABBRi ;Ives the axis or the 
cavity as a line equidistant from the walls of the 
cavity and ending at or near the point of the cocu x, 
and the total axis as a un i ors measly at, a right 
angle, of the rectilinear axis of the cavity with 
the curved axis of the suhpizbic space. 
TA19/ 
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This view meets with the approval of Boissard who has 
not much to add. A noteworthy addition to our know- 
ledge of the axes of the pelvis and of the pelvic can ; l 
was made ryy INVERARDL , who cap:; 11.18 canal before and 
after dilation with a fetal head. INVDRARDI clearly 
recognised the important distinction existing between 
the axis of the bony pelvis and the axis of the pelvi 
canal. His intensive studies are therefore of con- 
siderable moment; the more so as, so fax as I am aware, 
they have never been excelled. 
INVE2ARDÌ (1887) defines the axis of the 
inlet as a centre line, descending perpendicularly 
from the ant::ro- posterior diameter of the inlet to 
fall on the pelvic floor, and on the coccyx at a little 
distance from its end. The axis of the inlet only 
rarely coincides with the axis of the cavity which, 
according to II VERB i, is a line joining at right 
angles the mid points of the superior and inferior 
planes of the upper subdivision of the cavity, and 
prolonged downwards to meet the pelvic floor. The 
axis of the inlet coincides with the axis of the 
cavity only once in a series of 54 cases, in 29 the 
axis of the cavity deviates anteriorly, and in 24 
posteriorly. / 
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posteriorly, The axis of the inlet in the 54 cases 
falls 4 times on the point of the coccyx, 18 times in 
advance) of the point, and 32 times in rear. This axis 
represents with tolerable accuracy the axis of the 
bony pelvis, and, as given by INVEPABDi., it agrees 
well with the line of the axis of the inlet according 
to the majority of obstetricians, and in opposition 
to the teaching of DUNCAN anc: TARNIEF. The axis of 
the cavity in the same series falls once on the point 
of the coccyx, 21 times before the point, and 32 times 
in rear., The normal axis is that which ends on the 
point of the coccyx, or not more than 5 rim behind that 
point: the abnormal axis is that which ends more than 
5 mm before ar behind the peint of the coccyx. 
Inverardi gives percentages for the axes coming l Tithin 
the 5 mm circle, namely: -- 28% on the point of the 
coccyx, 38% behind the point, and 3300 in advance. 
INITT'TilAPDI thus amplifies PA TPI' sr :onclusion by show - 
ing that the axe: of the pelvis and the pelvic canal 
oven within the limits of the bony segment are not 
constant from pelvis to pelvis, but fall within or 
without a circle of ten millimetres in diameter having 
its centre at the tip of the coccyx. And he further 
states that they vary with pelvic inclination, the less 
inclined being the pelvis the closer come the axes of 
the pelvis and the canal together, and vice -versa. 
Contrary/ 
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Contrary to FABBRI, INVERARDÌ finds the 
Pelvic floer in repose inclined downwards and forwards 
from behind, in relation to the plane of the brim in 
seven- tenths of the casts. After the floor has been 
distended and lengthened, the axis of the inferior 
portion cuts the middle point of the outlet at a 
right angle, the axis of the pelvic cavity nearly at 
a right angle, and, if prolonged strikes the sacrum 
between the third and fourth vertebrae. During 
dilation of the floor, the straight exit line changes 
not gradually, but abruptly to a curved line, and 
nearly at a right angle to the axis of the cavity. 
It is clear that INVERARD "S axis of the 
cavity is in theory a line equidistant from the four 
walls, the more so as either he or BOÍSSARD and 
BAYLTN his reviewers attributes abnormal retro - 
deviations of the axis to an excessive curvature of 
the sacrum. But though the ideal is good, the pro- 
jection of it on paper inevitably suffers from the 
limitations of a plane surface, and it in fact repre- 
sents only the axis of the mesial plane of the 
dilated pelvic canal. It takes no account on paper 
of the modifications of the form of the cavity with- 
out the mesial plane, and, with the important ex- 
ception that it is an axis of the canal and not of 
the bony pelvis, it does not go far beyond previous 
attempts. Further, though BOI8SARD educes a 
straight/ 
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straight descent of the head from INtVERARfl19S con- 
clusions regarding the axis, it does not follow that 
the head descends in the axis of the cavity unless 
the cavity is regarded as truly cylindrical. None of 
the original investigators of the canal appears to 
attribute a perfect cylindricity to the canal. Most 
if not all admit the form to be only approximate. 
The problem, therefore, turns on whether or not the 
admitted variations from the cylindrical form have 
a practical value, in so far as they allow the line 
of descentto be separated from the axis of the cavity 
just as this has been clearly separated by 1NYERARDl 
from the axis of the bony pelvis. From the nature of 
the parts, the problem is limited to a consideration 
of the superior portion of the canal: the course 
traversed by the head in the inferior portion Is un- 
likely ad naturam to be other than coincident with 
the curve of this portion of the canal. Most of the 
material available for a settlement of the matter 
applies only to the medal plane of the pelvis: what 
I have been able to collect for the other diameters 
is very meagre. DELORE, in a diagram reproduced by 
TARNIER anti BUDÌN (1898) gives a mean angle of 950 
between the axis of the pubis and the conjugata vera, 
DUHRRSEN (1896) 90-100°, JOESSE and WALDEYER (1399) 
and 
53. 
ancr_ GAIIRit 1ES (1902) make it 1000, PADRE (1910) no 
o 
less than 105 , while KIWI SOï as already stated gives 
a 1000 as the angle formed by the posterior surface 
of the pubis with the conjugate. GA.LABIA and BLACKER 
(1910) admit that the inner surface of the pubis 
diverges at only a small angle from the sacrum - a 
view dating back at least as far ae WAEGW,E( 1825) . 
According to 51/{ tEGEG- (1861), the anterior surface 
of the sacrum forms with the conjugate an angle 
o 
varying from 85 - 95 , and the lower part of the 
o o 
sacrum an angle of 90 - 100 with the plane of the 
outlet. For the pelvic canal INVERABDI. , rhil.e con- 
sidering the anterior and posterior walls nearly 
parallel, states more particularly that they are 
divergent in seven -tenths of his cases, nearly 
parallel in two- tenths, and convergent in one- tenth., 
FABBRI ?mud. Ba1ssA B likewise find the two walls near- 
ly parallel, but a study of BOISSARI ' S tracings does 
not altogether bear out to the parallelism. In the 
first twenty -three tracings given by BOI SSARD of which 
I have copies, and which include two tracings of 
PINARD. I make out six- tenths to be markedly 
divergent, three -tenths to be parallel, and one - 
tenth to be convergent. One of the parallels and 
one of the convergents are from multiper.ae, while 
the/ 
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the other convergent is from a negress. The others 
are either from multiparae or the parity is not stated. 
These figures, as far as they go, support those given 
by INV'FflARDI, and if the divergence in the majority 
of INVBF?ARDVs tracings is as great as that in 
BoIssARP1s, then it is in relation to both, more 
correct to speak of divergence than of parallelism 
for the majority of canals, when they are viewed in 
the mescal plane. 
In appendix B. I give a number of angular 
measurements from twenty -seven frozen sections of thé 
end of pregnancy, the first stage, and the second 
stage. The material is not very great, but it may 
serve to give a tolerably approximate idea of the 
relations in the mescal plane. First, as to the 
bony pelvis, the anterior and posterior walls are 
divergent in 24 sections, parallel in 2 sections, 
and convergent in one section. The mean angle formed 
by the upper part of the anterior surface of the 
o 
sacrum with the conjugata vera is 103.4 , that 




, and that between the posterior surface of the 
pulbit§ , below the anterior end of the obstetric con- 
. o 
jugate, ;Im: the conjugata vera 100 4 . The two last 
figures, it will be noticed, 3orrespond closely with 
the mean figures (if Belore and. Kiwisch. The mean 
angle/ 
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angle of divergence of the aitericr and posterior 
walls above the 180` is 24° approx., the maximum 
divergence equalling 180`` +50e . Now, in a cavity, 
where the value of a few mi.11emetres of space is so 
well understood, it does not seem logical to neglect 
a mean divergence represented by an angular distance 
of 240, by regarding the anterior and posterior walls 
as nearly parallelu.Secondly, the angular measure- 
ments for the soft walls of the'canal ar tabled for 
8 frozen sections from the second stage. Of these 
sections, the anterior and posterior walls in or 
near the marial plane are divergent in 7, and nearly 
parallel in only one. The mean angle formed by the 
posterior wall with the conjugat.a vera is 92.60, 
that by the anterior wall with the conjugate 1010; 
o 
the mean angle of divergence above 180o being 14 
approx., the maximum being 28e. Here also, though 
the number of sections given is very small, the 
results are worth quotation, as they show divergence 
in the proportion of seven to one. The conclusion 
to be derived from the casts and the frozen sections 
is that, in the absence of complete cylindrioity of 
the canal, the projection of the axis, in which the 
head descends, as a centre line cutting all planes 
at their middle points can no longer be a matter for 
mere/ 
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mere statement, but muet be submitted to proof, be- 
t'.'rr3 it ein be e(;c:3:)te(i - iutiess 'x13 are to be et;nt.ent 
with an axis which has a mean Cerror. of 240. 
so fir the matter has been looked at only 
in the mestal ?)lalg. As I have already pr)int3d 
the walls cf the canal on either side of th:e mesi-il 
plane may be capable +):f' modifying the line of tile 
axis to some uncertain extent, and the attempted pro- 
jection of the axis 3_s et:i:i.l farther complicated hythc 
occurrerce 144NïK or i.ntrer.7i tl rr)t,at:i)no T.hon;;?, no 
part of the canal my he overlooked, tik?3 FfenterQ- 
lat*)ral and pc)st>erry-J_tp)ral wzl).s would appear to 
havo most influence on the direction of the: ,Ain of 
the descent of the head. The walls descend gener- 
ally cacumvaarcis and forwards, the poste)rn-1.a.ter.r!l on 
the whole more rapidly then the) antee?^r-l-,te3r.a.lr ?.he 
re)áult, being a reduction in the oblique diameters, 
and a projection forwards of the í31XC;cesS.i tre horizon- 
tal planes with descent. Clinically, t.hP 
lateral wall .pY,e) -tir to slope forwards, from above 
downwards, to a greater cie)p;rne than the inner surface 
cf the, pubis in the mesial But the reproduc- 
tion cf the material relating to these walls, -..1d 
which I have been able to see, is se scanty, the vridA 
angular variations recorded in the rosi a?. plane being 
reremberejd_; 
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remembered, that they hardly serve for dete3rminatiors 
cf even the more or less limited value which must 
still be placed on those from the whole table'_ series 
of sections. In this connection it falls to be men- 
tioned that Norris and Dickinson (] 9Fì) give, in 
diagram, m, a tracing of tle inlet superimposed on one 
of the outlet frcri the bony and lig amentous pelvis. 
and therewith a number of measurements. Apart from 
the general trend of the walls from above- downwards 
on which no information is given, the diagram shows 
the greater projection forwards of the nostero- 
lateral margin of the outlet beyond that of the in- 
let, as compared with the projection delineated in 
the entero- lateral margins. The measurements record 
a reduction in the oblique diameter from 153m. at 
the inlet to 90mm. at the outlet in the same supero- 
inferior plane, showing that whether it takes place 
gradually 'or finally and abruptly, the reduction is 
considerable, an determined by the authors. The 
diminution in the transverse diameter is even larger, 
when the measurements are taken in the supero- inferior 
plane, descending from 143mm. at the inlet to 77mm. 
at the outlet. 
If a point be taken in the middle line of 
the/ 
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the presenting part of the fetus, it descends in an 
axis relatively equidistant from the two opposite 
antegro- lateral and postera- lateral wails (oblique 
position of the head in descent), or re3latj Vely equi- 
distant from the two anteco- lateral and the two 
postero- lateral walls (ta.°ansverse position of the 
head ft descent), un t:1,1 the lower margin of the 
upper subdivision of the superior portion of the 
pelvic canal is reached. In the lower subdivision, 
the axis approaches the mesial plane of the canal, 
and at the outlet joins the simple curved axis cf 
the inferior portion of the canal, Provided that 
internal rotation occurs in the lower subdivision 
and not crooner or later. owing to the direction of 
the antero- lateral and the portero-- lateral walls, 
and to the relative distribution of resistance within: 
the pelvic cavity as a whole, the presenting part 
tends to follow the direction of the antero- lateral 
wall; or rather the antero-lateral and anterior walls 
form an approximate guide to the normal direction of 
the line of descent.. But, whenever the angular 
relations of these walls diverge much from what is 
probably the normal, the line cf descent does not 
follow them, as e.g. in a kyphotio pelvis. This be- 
ing so, the pelvic bones are not the ultimate deter- 
minant/ 
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determinant of the direction of the axis which should 
perhaps, be sought more deeply in the direction in 
which the soft canal tende to dilate - a direction 
which is, however, subject to disturbing factors 
that are little understood. 
? 11. The inclination of the brim of the pelvis 
-is variable among pelves and in the individual pelvis. 
Excessive variations of the inclination are no 
hindrance to labour, provided the pelvis is normal 
in other respects . NAT;(',1 L (1825). from an examin- 
ation of 800 subjects, recognised the variability of 
the inclination among pelves, and controverted the 
hitherto supposed evil influence of too great vari- 
ations, giving circumstantial cases in supporting 
his contention. However, there is reason to believe 
that the woman in labour iaahle instinctively to 
modify the inclination of the brim to suit her vary- 
ing requirements. SCI IsCH (1846) points out that, 
given weak abdominal walls, it is easier to adapt the 
inclination of the brir to the axis of the uterus 
than to adapt the uterus to the brim, and he goes on 
to show that an excessive inclination of the brim, 
so far from being a cause of dystocia, may actually 
be produced instinctively by the parturient woman to 
meet the difficulty 
attitude/ 
of a pendulous belly; while th^ 
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attitude.of general flexion of the body reduces 
pelvic inclination, as in normal labour.. PARVIN 
(1895) quotes LOBSTBtN that a brim which is nearly 
vertical to the plane of the horizon is no hindrance 
to delivery through a normal pelvis. So also with 
pelves in which the brim is nearly horizontal 
(:AEG 7 ), The determinations of Bi °OCHOWNZG'K. (1882) 
and MEYER (1861) apply only to variations of ïnclin- 
ation among pelves in the erect position of the body. 
Even under this limitation the variations observed 
are considerable, and range from 200 (PRO °HÓWNiO:K ) 
to 603 (1IEY 
BARBOU.R/ 
.4 Werboff (1913) has reproduced a number of photographs 
of a woman in the second stage of labour. Taken with 
the patient in the erect attitude. they show an in- 
crease of pelvic inclination at the end of the first 
stage. The increase is reduced when the waters como 
away and the uterus becomes less deep, but reappears 
with the advent of a pain. Throughout, the uterus 
appears to remain stalAonIwy relative to the horizon. 
The inclination of the pelvis, however, follows close- 
ly the changes which occur. in the antero- posterior 
diameter of the uterus, becoming more inclined as the 
uterus deepens in the beginning of a contraction, 
less inclined as the uterus flattens in the course of 
the contraction. These photographs show in a remark - 
able manner the truth of Kiwisoh's views that the 
main part of the mutual adaptation of the uterus to 
the pelvic canal is performed reflexly by movements 
of the pelvis. The lesson of these photographs has 
also an important bearing on our knowledge of the 
postural changes of the woman in labour. These 
changes are referred to later in the text. (Werboff 
Die 0eb:_ :rmutter des Weibes. 1913.) 
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BARBOUR (1900) in a historical retrospect pronounces 
in favour of PROCHOWNeK' S figure. 
CALDERINI (1894) traces the inclination of 
the pelvis from that of the dorsal horizontal 
position to that of the genu- pectoral, the inlet be- 
ing referred to the axis of the trunk, or more 
precisely to the plane of the table on which the 
body is laid. In the dorsal horizontal posture the 
angle is 40 °: in the same position, but with the 
thighs flexed and the feet on the table, also 40°; 
with the thighs vertical and the legs horizontal 36 °; 
in the lithotomy position the inlet is nearly 
parallel to the table. In the ordinary lateral 
posture the angle is 25 °, and in the genu -pectoral 
only 18° with straightening of the 1uar vertebrae. 
In consideration of. WPLCHER' S and KLEIN'S S results 
(vid. post.), CALDl1INI considers the third and 
fifth -positions the most favourable for obstetrical 
operations, the second position which is the ordinary 
obstetrical position of the Continent and the United 
States of America the least favourable. 
f 12. As a general rule, in late preYnancy the 
curvatures of the sDoinal column are reduced, the 
lumbar/ 
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11zibar spine is extended, and pelvic inclination is 
reduced (KUHNOW 
a 
1833 , BR AUNE 1390) . The cause of 
these changes is a physical reaction connected with 
the po sitfon of the centre of gravity (DUNCAN 1866). 
In the presence of tomc degree of pendulous belly, 
the inclination of the brim may, however, be in- 
creased, together with a greater extension of the 
spine to counterbalance the excessive anteversion'of 
the utefl s. In primiparae with strong abdominal 
walls, or with tight-lacing, the column is often 
flexed, and the pelvic inclination reduced more es- 
pecially after the presenting part sinks into the 
brim. The capacity of the lumbar spine for move- 
ment in a sagittal direction ras determined by 
SCHULTZE (1867) from researches on the dead. He 
examined twenty -five females and. eight males, pre- 
vious to the onset of rigor mortis. Extension 
was pzoduced, by placing a bolster under the lumbar 
region, flexion merely by bending the body. The 
abdomen was necessarily opened to admit the measuring. 
apparatus. The Conjugator vera formed the base of 
the measurements, though SCHULTZE admits itS varia- 
bility. The angles were read to a perpendicular 
raised from the base line. SCHULTZE found the 
Sagittal/ 
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sagittal capacity for movement in the lumbar verte- 
brae equal to an angle of as much as 35.5 °. The 
capacity for flexion was small, most of the movement 
being in the nature of extension. The movement 
of the sacrum by the bending of the lumbar spine 
is, according to SCHULTZE, indisputable on the evi- 
dence of his measurements, and this is confirmed by 
FREUND (1885). In labour, the attitude is, with 
rare exceptions, one of flexion which is almost,. 
if not entirely, an instinctive habit. The spinal 
column is flexed, the pelvic ̀ inclination is reduced, 
and the thighs are slightly flexed. on the body, 
whether the posture be up- right or horizontal, dorsal . 
or lateral (LASTS, 1877). During pains the attitude 
may be accentuated, or as in other cases the habit 
may be iqore nearly persistent, while towards the end 
of the labour the flexion of the thighs in many 
cases is gradually or abruptly increased. These 
phenomena will be referred to in greater detail at 
a later stage. 
; 13. The relative mobility of the sacrum and 
ïnnominate bones was denied and affirmed by different 
ancient authors. For the first time, according to 
SCHWEGEL/ 
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SCHWEt EL (1859) , ALBINUS in 1.62 definitely recog- 
nized the sac;ro- iliac, synchondrosis and the pubic 
symphysis to be true joints, and to possess some 
slight power of movement. According to the same 
writer, MOR AGNI, SANDIFORT, HUNTER, CHAUSSIER, 
BURNS, TENON, BECLARD, BARKOW, KÖLLIKER, ZAGLAS, 
HENLE, LUSCHKA, and LENOIR are generally agreed, 
following ALBINUS, that the pubic symphysis is a 
joint, having a hollow at least during pregnancy and 
labour, when there are swelling and softening of the 
joint and its ligaments, with as a result a certain 
arpount of mobility. LUSCHKA (1854) describes a 
true synovial membrane in the sacro -iliac synshio- 
drosis, and a joint cavity. The symphysial joint 
is also hollow and contains synovial cells. Thus, 
by the middle of the nineteenth century the mobility 
of the pelvic joints was accepted. widely, though not. 
universally as an ascertained fact, , an opinion which 
the investigators of the last sixty years, with 
certain exceptions, generally support. The ad- 
mitted softening and relaxation cf the ligaments 
and, jòints imply a possible mobility of the bones 
of the pelvic. girdle in relation to one another, a 
variability of the inclination of the innominate 
bones/ 
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bones and the sacrum either together or independently, 
and a changeability of the roominess of the pelvis, 
that is, a capacity for alteration of the lengths 
of the diameters of the bony ligamentous Pelvis. 
These changes can be impressed on the pelvis and the 
pelvic canal by natural apart from artificial means, 
though the gains and losses may be less, it is true, 
by the former than by the latter. But those are 
none the less important, for they constitute a large 
part of what is known as the acccimmodation of the 
mother to the child. The immediate causes by which 
the changes may be brought about are:- 
(i) Dilation of the pelvis RR a whole by 
internal centrifugal pressure, and 
due to giving of the joints, 
periosteal tissues and ligaments. 
(2) Elastic strains of the bones. 
(3) A pushing of the sacrum or the in- 
nominate bones bodily backwards or 
fo rward. s . 
(4) A vertical movement of one innominate 
bane on the other. 
(5) A rotation of the innominate bones on 
a sagittal axis. 
A rotation of the innominate bones on 




(7) A rotation of the sacrum in a transverse axis 
within the innominate bones. 
(1) Dilation of the pelvis as a whole. 
SCHTEGEL ( 1359) experimentecj on 
pelves from the puerperium, and found that, as 1onL 
as the symph.ysis is intact, the wid -ning which results 
from pressure is very slih.t, the mobility at the 
sacro -iliac synchond.rosis being only equal to one 
to two mm. The method of dilating the pelvis 
employed by KORSCH ( 1381) necessarily results in 
dilation of the pelvis generally, but the values given 
by KORSCH are of too general a nature to allow 
of those for dilation, apart from local movement, 
to be distinguished. 
According to AUVARD (1394), JACCTÍEMIER 
found a separation in the joints equal to 1.5 cm. 
But AuirARP. considers the joints merely to act as 
breaks in the girdle to give it suppleness. From 
the clinical side HENNIC (1877) advances the cir- 
cumstance that successive labours in the same roman 
tend, to become easier. HENNI r finds the cause 
in a wive at the pubic joint. AHLFELD and LEOPOLD 
do not so much doubt the fact, as its permanence. 
They/ 
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They hold however, that it is not possible to show 
a separation in life of more than a millimetre. 
(2) Elastic strains of the bones 
These have been investigated by KLEIN 
(1691) who gives 0.5 mm. as a mean value for the 
elasticity of the bones in the non -puerperal pelvis, 
and affecting the conjugala vera. 
(3) Pushing of the sacrum, alternatively of the 
innominate bones bodily backwards and forwards. 
SCHULTZE (16 67) finds that flexion of the 
lumbar column is accompanied by a backward retreat 
of the sacrum and coccyx with as a result extension 
of the pelvic floor. KLEIN, who fixed the sacrum 
and then moved the innominate bones, gives a mean 
value of 0.7 mm, for the antero-posterior movement of 
the ilia. JELLETT (1905) thinks it is possible 
that the sacrum may be pushed bodily backwards to 
some extent by pressure exercised through the child's 
head. FREUDENTHAL (1913) believes the sacrum to 
be driven backwards, when the parturient woman occu- 
pies a position corresponding to the crouching or 
squatting attitude. 
(4) The vertical movement of one innominate bone 
on another, 
BUDIN ( 9, by WILLIAMS 1912) observed per 
vaginam that pregnant women, in the act of walking 
showed / 
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.showed a rocking movement of the innominate bones on 
each other. Though indissolubly associated with som 
rotation of the iliac bones on a sagittal axis, much 
of this rocking motion appears to be due to a vertì- 
cal to and fro sliding of one pubic bone on the 
other at the symphysis. BONNT' and BÚ (1899) 
examined over 500 women, and give the results for 
470 in regard to the matter. In 10 there was no 
appreciable mobility in the pubic joint, in 408 the 
vertical movement equalled 1 m .m. , and in 52 it 
ranged from 1 to 3 m.m. Mobility was thus present 
in a large majority, and however slight it may be, 
owing to the movement on each side being independent 
and vertical, it may be important in easing the 
largest circumference of the head past the bfly: 
outlet. 
(5) Rotation of the innominate bones on a 
sagittal axis. 
This rotation implies a capacity for 
separation in the joints between the bones. It 
may. arise through this circumstance alone, i.e. with- 
out relative change in the positions of the pelvic 
bones, or it may appear in the course of :ot.ation 
of/ 
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of the sacrum and (or) the ' inno.minate bones on a 
transverse axis. 
MEYER was one of the earliest writers 
Gide SPIEGELBERG 1858) to recogntae: the occurrence 
of :!]otation on a sagittal axis. when the upper 
Dart of the sacrum nears the anterior wall of 
the pelvis, the sacro -iliac ligaments are expanded 
and they tend to draw the posterior and upper parts 
of the iliac bones nearer one another, whereby the 
pubic arch and its ligaments are stretched. 
EONNAIRE (1898) cornas to an identical conclusion, 
and finds that both in a standing and a sitting 
position the rotation of the iliac bones on a 
sagittal axis flattens the conjugate, and enlarges 
the transverse diameter of the inlet. LABORi7. 
(1862) attributes this rotation not to a movement 
of the sacrum, but to the pressure of the child's 
head on the ischial tuberosities. The pressure is 
powerful. en.yugh to produce martial separation in 
the symphysial joint, and at the same time an in- 
crease of the transverse diameter of the outlet. 
No mention is made of movements at the sacro -iliac 
joints in this connection, but it is inconceivable 
that/ 
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that separation may occur at the symphysis without 
- associated changes at the other joints, unless the 
elasticity of the banes is much greater. than KLEIN 
(1391) believes it to be. LAï3ORIE, however, recog- 
nises clearly the value of movements in all the pel- 
vic joints, and states distinctly' that, while the 
movements have little effect on the-diameters of the 
brim, they are of, great importance, when the head 
is in the cavity or at the outlet. DUNCAN (1863) 
quotes LABORIE with' approval, and adds that separ- 
ation of the thighs helps to separate the pubic 
bones, especially if the internal femoral muscles 
are in contraction at the time - an early recognition 
of the possibilities of muscular action which, in 
relation to the whole pelvis, have never been 
given their due. 
KDTTNER (1393), like KLEIN in 1391, finds 
that the transverse diameter of the inlet varies 
little through all the positions. Sò also with 
the plane of greatest pelvic contraction, but it 
Must always be remembered that KLEIN fixed the 
sacrum and KÜTTNER came to the conclusion that the 
sacrum is immobile. PINZANI (1899) finds the ro- 
tation/ 
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rotation of the iliac bones on a sagittal axis to be 
less imu)ortant than that on a horizontal axis. 
Passing from the lithotomy to the IALCHrER position 
results in a separation of the iliac crests, Clini- 
cally, PIi ZANI found no separation in 24 cages; in 22 
the distance between the spines was lessened; and in 
31 it was increased to a mean 5 m.m. SCHMIDT 
(13;7), SAMUEL (1903), and PRE iJDENT.HAL ( 1913) found 
a clinical advantage from the lithotomy and ex- 
aggerated lithotomy Positions respectively, and 
attribute it to enlargement of the outlet in both 
the antero -posterior and transverse diameters. 
JONGES (1903) affirming the value of the lithotomy 
position with abducted thighs for enlarging the 
outlet by separation of th1- tuberosities of the 
ischium, found as the result of inquiry in tvrenty- 
five pregnant and puerpergl. subjects that the exten- 
sion of the knees still further increases the outlet 
by the action or the extension of the flexor 
muscles running between the tibia and fibula and the 
ischial tuberosities. DEVRAIc NE and DESCOM ?S ' 3.910) 
independently confirm the value of. the JONGES 
posit ion 
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position. On the changes at the outlet, they em- 
phasise the importance of the valuable researches 
of BONNAIRE and BUP, and believe them to support 
the views of LAfnRIF and the experimental investi - 
gations of T\RNIER and POTOCKI, who applied diver - 
gent traction to the Ischia and measured the increas 
of the bi- ischial diameter. According to DEIVRA:IGNE 
and DESCOMPS, the lithotomy position increases the 
bi- ischátDediameter by a rotation of the sacrum and 
in addition by muscular action. When the adductors 
which are attached to the rami of the ischium and 
pubis are put in tension, the rami are pulled out - 
wards so as to increase the transverse diameter of 
the outlet. The movement is clearly a rotation 
of the innominate .bones on a sagittal axis. In de- 
scribing their posture( the JONES ;)osition ), the 
authox6 _recommend abduction of the limbs to relax 
the gluteus maximus, so as presumably to prevent 
the muscle on each side resisting the backward ro- 
tation of the apex of the sacrum. CORNU (1912) 
also wrote in favour of. the JCRGES position. 
(6) Rotation of the innominate bones on a 




Rotation of the sacrum on a transverse 
axis between the innominate bones. 
The majority of -riters arroear to consider 
both rotations to occur in labour. But there are 
differences of opinion as to their relative values. 
The transverse axis is the same for both rotations. 
The fixation of its position has not been easy, and 
may not yet be regarded as mathematically exact. 
FAG ̀, ^, S (1851) places it in the second vertebra; 
SCHWEGEL (1859) in the union of the second and third 
sacral vertebrae; KLEIN (i{ f'1) one cm. behind the 
second sacral vertebl- , very close to ':°here MEYER 
(1378), as KLEIN points out, places it 15 cm. be- 
hind the surface of the j -oint of the first and se- 
cond sacral bodies 4 .l,' 4l- ;.,.F.. ;Et 
and differing from the lower position at the level 
of the third sacral veatebra assigned to the axis 
by INVERARDI (1885) and TRIDONDAN1 (1901) . Prob- 
ably the higher position is the moro correct, as it 
agrees better with the evidence derived from the 
measurements of the uelvic diameters in different 
positions of the bones of the pelvis. 
According to DUNCAN, ZAGLAS (1851) for the 
first 
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first time in the human subject described the rotation 
of the innominate bones on the sacrum in an antero- 
postertor direction. In the erect position the 
promontory is least projecting into the cavity, and 
the sacro- sciatic ligaments are relaxed. But, 
when the body is bent forwards, the promontory is 
displaced into the brim, the sacro- sciatic ligaments 
are stretched, and the outlet of the ielvis is en- 
larged . DUNCAN ( 1354) believed that the svmphysis 
is able to _move upwards and downwards. In a later 
vier (1368) DUNCAN dmits the pelvic movements to 
occur either as a rotation of the ilia on the sacrum, 
or as a rotation of the sacrum between the iliac 
bones, bus does not attach relative values to the 
movements. HUBERT and VALERIUS (1356) describe the 
rotation of the sacrum and point out that, when the 
upper part is projected forwards, the con jugat a vera 
is diminished and the transverse diameter of the in- 
let is slightly enlarged. SCH!OEG L (1859), in 
puerperal pelves, found the sacrum able to rotate 
through an arc of 50 in either direction. In the 
dorsal and lateral ocstures the promontory turns 
backwards and enlarges the conjugate. A similar 
mechanism/ 
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mechanism occurs in late pregnancy. Thus SCHWEGEL 
concentrates attention on the nutation of the sacrum, 
.and appears not to have recognised a móvement of 
the innominate bones. fais conclusions are impor- 
tant however, in relation to the extended and hyper - 
extended - positions . They were confirmed at a much 
later date by BONNAIR! and. others . BALANDIN (136:5) 
after exam ning pelves from males and nulliparous 
females for comparative purposes, studied four pel- 
ves from :)regnancy and thirty -five from the puerpe- 
rium. BALANDIN fixed the sacrum and moved the sym- 
phvsis up and down, recording the length of the 
conjugate and the antero- posterior diameter of the 
outlet in each position. All the pelves were mo- 
bile. BALANDIN concludes there is softening of the 
ligaments in pregnancy and that, while little i 
Grl eof the inlet can be produced, the enlargement 
of the outlet is considerable; nutation of the 
Sacrum, according to BALANDIN, -exists without doubt, 
but he attaches more importance (fide VARNIER) to 
the movements of the iliac bones. IALANDIN, by 
finding the changes of the outlet greater t'ian those 
of the inlet, confirms the elaborate though indiscrirr 
inate/ 
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indiscriihinate observations of BORSCH (to be referre 
to later ).but the smallness of the changes with the 
sacrum fixed in comparison with those found by 
others under different conditions, indicate that, 
apart from the effect of extreme variations of the 
inclination of the iliac bones, another factor for 
the production of change exists, namely, in the nu- 
tation of the sacrum. BALANDIN by neglecting the 
effect of sacral nutation anticipates the majority 
of later observers. But, as of them it cannot be 
said that BALANDIN grasped the full possibilities of 
pelvic dilation. 
In 1339 !ALCHER, as the result of studies 
in the years 1886 and 1839, made the fateful 
mounceinent that the conjugate of a narrow pelvis 
is not invariable, but is capable of enlargement or 
diminution according to the position of the body. 
The chief merit of WALOHER'S observation lies in 
directing attention to the variable possibilities 
of the narrow pelves, and in showing the best way 
to obtain the greatest increase of the conjugata 
vera. During the next ten Years or more, cïiscussio 
ranged aro, :.nd t? aunt of increase which can be 
obtain ed/ 
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obtained in the conjugata vera. Inci.dentally, howev- 
er, the publication of WALCHER' S paper led to a 
great deal of anatomical and clinical research into 
the effects of changes in the _oosition of the body 
and of the pelvis do all the pelvic diameters, with 
as a result, the gradual accumulation of much valu- 
able knowledge. Though no doubt the newly acquired 
information refers specially to conditions of pelvic 
dvstocia and the operations of pelvic section, its 
influence Is abundantly manifest in more recent 
conceptions of the mechanism of ordinary labour. 
WALCHER attributes the changes to movements of the 
innominate bones on a transverse axis, there being at 
the same time with descent of the symphysis a pro- 
jection forwards of the promontory and an increase 
of lumbar lordosis. KLEIN (1891) who made exten- 
sive anatomical researches into the mechanics of 
the pelvis, attributes changeability of the conju- 
gata vera to three factors - the rotation of the 
innominate arc on the sacrum, elasticity of the 
bones, and an antero -posterior movement of the ilia 
on'the sacrum. The two last factors have been 
examined 
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examined already. To the first KLEIN attaches 
grestest importance. Inasmuch as KLEIN, like 
BALANLIN, fixed the sacrum and lumbar vertebrae for 
his experiments, he at least implies a belief in the 
immobility of the sacrum. KÜTTNER (1393) investi- 
gated the pelvis anatomically with special reference 
to the outlet in furtherance of SOHL IDT' S (1397) 
clinical results. KrTTTNER macle casts of three 
normal pelves in the 1ALCRER,horizontal and lithotomy 
Positions. According to K'ÜTTNER. the sacrum does not 
rotate at all, rotary movement being crnfined to 
the innominate bones, and that the symphysis rotates 
on a transverse axis, by which is presumably meant 
simply an arcuate movement in a vertical direction. 
This arcuate movement produces the changes in the 
conjugate, vera and in the antero- posterior diameter 
of the outlet. BAR (1399) found that , when the 
body is flexed in the dorsal position, there is a 
movement of the lilacs on the sacrum which has little 
effect on the conjugate, owing to the contemporaneous 
reduction of the lumbar lordosis. (This reduction 
includes retraction of the promontory though not 
necessarily rotation of the sacrum) . The first 
effedt/ 
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effect of extension is a reappearance of the convexity 
of the lumbar spine, the second a movement of the 
i?_iacs which comes later than the first and is 
the main agent in increasing the conjugate. It 
thus appears that for BAR the iliac bones move 
equably rith the sacrum, until the latter has 
reached the limits of its mobility in either. 
direction, when the iliacs continue the movement 
independently. So that there is no true nutation 
of the sacrum, only a movement as iaart of the 
pelvis as a whole. BONNAIRE and BUÉ, in a valuable 
report to the International Congress of 1 99, 
state that the diameters of the pelvis can be al- 
tered according to the position of the woman in 
labour. The changes are due to softening of the 
peristeal tissues and the joints, and a number of 
predisposing causes are mentioned. The result of 
an examination of the is uncertain, according 
to the authors, as to the sacro -iliac movements. 
But they suspect them on account of the appearance 
of pain there, and its relief by local pressure in 




are probably correct in this deduction, the argument 
is unsound, as the authors did not exclude the re- 
lief by local fressure of pain referred to the rump 
from the dilating canal. BO1TNAIRE an BUt 
examined twelve puerperals after death. With the 
cadaver on the edge of the table and the limbs 
hanging down, the sacrum rotates so that the base 
moves b.acl, wards . Here they . ;,re unarl:countably in 
opposition to WALCHER' S BAR'S conclusion that 
lordosis is increased, and the promontory moves 
forwards. The main result for the present Durpose, 
of BONNAIRE and BUP' S researches lies, however, in 
the distinct recognition, for perhaps the first 
time, of the simultaneous and independent rotations 
of the sacrum and of the innominate bones, and in 
this connection they show also that the lithotomy 
position produces the greatest degree of rotation 
of the sacrum, the base coming downwards and for - 
wards, while the apex is driven backwards. 
CALDERINI (1394) had, however, already shown that 
the lithotomy position caused the apex of the 
sacrum to turn backwards, so as to enlarge the out- 
let/ 
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outlet . PINZANI, at the same congress, supported 
BAR'S views. Clinically, he took the anterior 
superior iliac spines as indices, and observed in 
passing from the lithotomy position to the WALCHER, 
that they rotates downwards and forwards, while the 
lumbar lordosis increases. The movement of the 
spines goes on for a time after the lordosis in- 
'creases no further, and all movements are eventually 
checked by the tension of the ligaments and discs which 
arrests the movement of the sacrum some time before 
inclination of the brim is eomeleted. JELLETT 
(1905) attributes nutation of the sacrum to the 
pressure of the head of the fetus at different 
levels. As it passes the brim, the _promontory is 
forced bac wards: at the outlet the apex of the 
sacrum is pushed backyards and upwards, the softened 
sacro -sciatic ligaments being unable to resist the 
strain.JAKS (1905) takes a similar view. The 
mechanism of the sacrum is a balance of the pressure 
acting from without and within. The effect i s to 
widen the inlet when the head is there, and the outlet 
when the head descends to this level. The curved 
axis which the head follows is thereby straightened 
to/ 
to some extent. JAKS further states that the hori- 
zontal turning axis of the sacrum is on a level with 
the middle of the pubis i.e. the second pelvic plane 
H 
The diameters of this plane remain constant. De- 
pression of the symphysis widens the inlet, but 
produces lordosis. Raising the symphysis widens 
the outlet to a greater extent. Hence for JELLETT 
and JAKS, the movements of the pelvic bones, and 
therewith the alterations of. the pelvic diameters, 
are due largely to the pressure of the fetal head. 
While no doubt such a mechanism may occur under con - 
ditions that approach to dystocia, clinical evidence 
hardly supports the vier for normal labour, and 
SELLHEIM (1912) though he does not give an opinion 
as to cause, puts the matter better, when he snvs 
"The mutual adaptability of the child's head and the 
maternal pelvis makes use to the uttermost of the 
continual changes of the pelvic diameters nd of 
the moulding of the head, by means of the movements 
of the pelvis, and can help to overcome e 1i.spro- 
b 
portion which is not too great." In 1906 SELLHEIM 
made casts of contracted pelves before and after 
symphyseotomy. He states the effect of the oper- 
ation is to cause a simultaneous rotation of the 
sacrum 
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sacrum on a horizontal axis, and of the hip bones on 
a sagittal axis on the sacrum. The apex of the 
sacrum moves forwards and upwards. The widening is 
due both to the result of the operation, and. also 
to the rotation of the pelvic bones. In 1907, n 
order to reconcile the clinically observed advantage 
of WALCHER' S position with his views on the unique' 
mechanical importance of the soft canal in normal 
labour, SELLHEIM states that the beneficial effect 
of the LIALCHER position is to extend the soft parts 
of the pelvic walls posteriorly from the anterior 
on the hip bones, so as to make the passage of the 
child easier. SELLHEIM attributes this effect, 
through the WALCHER position, to the rotation of 
the sacrum. Thus, at the hands of at least some 
authors, experimental and anatomical researches de- 
monstrate the occurrence of seven kinds of relative 
movement in the pelvic girdle, ®f these, four are 
of minor importance while the remaining three - 
nutation of the sacrum, rotation of the innominate 
bones on a sagittal axis, and rotation of the same 
bones on a transverse axis, have a value which is 
probably great even in normal labour.- All three, 
further, are susceptible of clinical observation, 
as/ 
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as I have quoted, already, some observations to show. 
Nevertheless among authors of the modern period-, 
TARNIER and CHANTREUIL (1382), BARNES (1334), who 
believes the movements of the sacrum to be more 
apparent tian real, PARABEUF (c +doted by VARNIER 
1394) and SCHICKELE (1901) deny the mobility of 
the pelvic bones on one another, or at any rate be- 
lieve the movements to be so slight as to have an 
inestimable value. TARNIER finds notable dilation 
only gn pelvic section, so also FARABEUF who in 
addition considers that traction with the forceps 
lowers the symphysis as iwtch as it can be lowered, 
whatever the position of the thighs, and that any in- 
crease of the brim, if it does occur, lessens the 
mid -sacro -pubic plane which is the main plane of 
pelvic dystocia. But if Varnier reports correctly, 
the last paragraph is no argument, as the greatest 
circumference of the head cannot be in the mid - 
rvicro -pubic plane, when it is at the brim. SCHICKE 
dwells emphatically on the irregular dovetailed ar- 
ticular surfaces of the sacrum and the iliac bones, 
and considers these not only to prevent all movement, 
but to exist for the special purpose of transmitting 
the body weight from the sacrum to the iliac bones - 
a/ 
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a purpose to which movement or separation is inimical. 
Nothwithstanding these digressive con- 
clusions "F,CHIOKELE ), I take it, movements of the 
pelvic bones in labour are beyond dispute, at any 
rate(under artificial conditions. It is still 
necessary, however, to strengthen the position in 
relation to the mechanism of ordinary labour, and 
which apply to the pelvis during life. 
Many regard the special attitude of the 
woman in labour to be an instinctive habit. We 
know from the researches and writings of FLOSS (1872) 
FELKIN (1884), PEDLEY (1887), WITKOWSKI (1887), 
GLEAVES (1899) and others that the attitude is common 
to the whole world of parturient words t, and is, in- 
deed, manifest in tris great majority of labours, 
though perhaps the awakening of the 'habit is delayed 
in our ultra -civilized primiparas. But even here 
it is unwise in theory to assume that a wrong attitude 
is being taken up, and it is worse in practice to 
interfere on the strengtn/ 
There is a good account of parturition among the 
Australiam aborigines by Gray in the Transactions of 
the Glasgow Obstetrical Society. Engelmann's obser- 
vations are described by "iitkowski. 
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strength of the assumption. A woman knows best her- 
self the attitude that suits each moment of her 
labour, if one may put it so. For of course, the 
pose is more a function of the organism than a pro - 
c uct of the brain. This universally adopted atti - 
tude amounts, therefore, almost to a specific charaO 
ter. It is very old racially: the mechanism for 
its _production is probably inherited, and only 
awaits the appropriate stimulus to set it in motion. 
Here then, we have the factors for a compound reflex 
action, or an instinctive habit (LOEB 1900). That 
being so, we are bound to conclude that the habit 
has been evolved for the benefit of the woman in 
labour. The purpose cannot be indifferent, 
harmful, or useless. For LAHS and SELLHFII the 
special attitude and the movements of the bones, which 
SELLHFIM at any rate admits, exist only for the pur- 
pose of extending the soft parts in advance of, or 
coeval with the descent of the presenting part, as 
in the greater number of normal labours the bones 
(ex°ept the pubic arch.) do not come into c:)ntact 
with, or influence the passage of the head. There 
are eases for which this statement is probably more 
or less true, but their number has been exaggerated.. 
In/ 
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In these cases also, the clinically observed movement 
of the bones are least in evidence. On the other 
hand, in the greater number of labours, the clini- 
cally observed movements are .distinctly in evidence, 
and, though the extension of the soft parts forms 
part of the result, it is hard to believe that it is 
the sole consequence. Indeed, on the principle of 
Natures simplicity in the working of cause and 
effect, it is preferable to sup )ose, in the absence 
of most distinct evidence to the contrary, that the 
movements of the bones and the special attitude of 
the skeleton in labour are directly connected with 
the passage of the normal child through the normal 
bony pelvis. The evidence to the contrary derived 
from frozen sections and from the relations of 
the diameters of the child to the diameters of the 
bony pelvis, contain fallacies which deserve ex- 
posure; and the view is attractive which regards 
the mobility of the bones of the pelvic girdle as 
one of the circumstances disposing of the theory of 
the soft canal, as the sole maternal passive factor 
in the mechanism of labour. 
The attitude of general flexion of the body 
to which I have already briefly referred is charac- 
terigtic 
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characteristic of the second stage of normal labour, 
and also of the first stage, at least when the pre - 
senting Bart has engaged the pelvis before labour 
begins, and it has been often and very similarly 
described, as the following quotations show:- 
"When the woman in labour is left to herself, 
she instinctively approaches to a cowering 
position with the body bent forwards" .(KIV ISCH 
"In effect, these are the results (certain 
movements) of an attitude assumed instinctive - 
ly by the woman in labour." (Duncan 1354 ) 
"Indeed the study of the whole subject illus- 
trates beautifully how nature leads the human 
female, in the act of childbirth, to assume 
positions and mare exertions which are necess7 
ary for perfecting the mechanism of the pro- 
cess." (DUNCAN 1363). 
"Abdominal pressure causes flexion of the 
lumbar spine." "Constantly there is a con- 
cavity fort yards which increases as the ab- 
dominal pressure grows stronger." (LAHS 1877). 
" - a position instinctively assumed when lab- 
our begins." (BARNES 1334) . 
"The classic :position for the expulsive period 
of birth is that in which the woman flexes, 
spreads out, and inwardly rotates th legs, 
while at the same time the vertebral column 
is bent forwards and the arms ;>ull on a hand- 
held. The crouching position comes nearest 
to the ideal." (JAKS 1905). 
VALTORTA (1912) in affirming .his belief 
that/ 
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that with changes of the position of the body the 
diameters of the pelvis can be enlarged and that 
movements of the sacrum at the level of the sacro- 
iliac articulations and variations of the inclination 
of the pelvic brim can oeur, writes:- 
"When we assist at a labour, we are spectators 
of the mother's 1.nstinctive solution of an 
extremely interesting and difficult problem." 
Clinically observed, the' phenomena con- 
sist of a reduction of the lumbar lordosis, a re- 
traction of the upper part of the sacrum, together 
with a projection .forwards of the apex of the sacrum, 
and a small degree of elevation of the symphvsis 
pubis. On its external aspect, the profile of the 
lumbar l'ec;ion may even be convex backwards. These 
dispositions are common in general to the first 
stage of labour and the earlier part. of the second 
stage; and the main agent in their production 
appears to be the flexor's of the lower part of the 
spinal column. In effect, they enlarge the conju- 
gate of the inlet, or at least prevent it from being 
diminished, and aid in extending the soft parts 
of the upper portion of the soft canal, while they 
give a preliminary relaxation to the soft parts 
below, especially the pelvic floor, favourable to 
their 
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their "active dilation ". These arrangements are 
exaggerated during the occurrence of a pain, not 
a rule in the first stage, but often towards its end 
and during the earlier part of the second stage. 
!Women vary, however, in this respect. Thus FRITSCH 
(1875) formally records a fact, readily ascertained 
on clinical examination, that, during a pain, lumbar 
lordosis is diminished. If the hand is placed 
under the lumbar region when the parturient woman 
is in the dorsal posture, the hand is squeezed hard 
during the pains. FRITSCH attributes the diminution 
to elevation of the arms, abdominal pressure, and 
erection of the uterus. These causes appear, how- 
ever to be inadequate, as with all of there apparentlyr 
in operation the lumbar sp ine can still be moved 
backwards and forwards to some extent. When it is 
moved forwards, the difficulty with regard to the 
general -contents pressure of the abdomen is over- 
come by projection backwards of part of the abdominal 
contents laterally to the spinal column. Here 
again, strong action of the spinal flexors appears 
to be the main agent in the further reduction of 
lumbar lordosis, coincident with the occurrence of 
a uterine contraction. It is to be noted, so in- 
herent 
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inherent is this instinctive action, that under deep 
anaesthesia it usually disappears only shortly 
before the uterine contractions fail. At the same 
time and during successive Pains, the symphyses 
pubis in the second stage is visibly drawn upwards by 
the action mainly of the recti muscles, until it 
remains persistently at a height above which no 
further rise is possible . DUNCAN (1854) observed 
the action of the abdominal muscles on the symphy- 
sis in the second stage, and believed the promontory 
at the same time to be projected forwards, so that 
the Outlet is enlarged. This terminal rotation of 
the sacrum, to Which not only DUNCAN but CALD? RINI 
and BONNAIRE and BUP have directed attention, is 
visibly associated with an increased flexion of 
the thighs on .the body. It does not always occur: 
some women experience little difficulty at the out- 
let of the bony and ligamentous pelvis. When the 
knees are drawn up, the svnnphysis may rise a little 
further, if it has not already reached its height, 
the sacrum rotates, as DUNCAN describes, and lumbar 
lordosis is increased. The two latter phenomena 
are then mainly due to the involuntary action of the 
erectores seinae . But, whenever the flexors of the 
spine/ 
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spine are maintained in powerful contraction, the 
increase of lumbar lordosis and the projection for- 
wards of the promontory are resisted to the utmost, 
while the sacrum still rotates as before. In effect 
there is some translation forwards of the spine and 
the pzomontory, but it is retained to the least de- 
gree. In the non-pregnant condition the arrange- 
ment is difficult of execution, faut it appears to 
be normal for the end of the second stage. Thus, 
the outlet is much enlarged, extension and retrac- 
tion of the ,pelvic floor are favoured, and rotation 
of the innominate bones on a sagittal axis is in- 
duced, so as to increase the transverse diameter of 
the outlet, while the conjugate is not materially 
lessened - a disposition which may often be invalu- 
able for tiffe transit of the face and the shoulders 
of the child, the latter especially, even when not 
abnormally large, needing all the available room at 
the brim of the pelvis. Th4 posturalchanges and 
the associated movements of the pelvic bones, usually 
so evident under clinical observation, and corres- 
ponding in character and sensitive to each step in 
the progress. of the labour, are soma of t; em corro- 
borated by an examination of the tracings of frozen 
sections/ 
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sections. The numbers of these, it is true, are not 
great, but the calculation of the probable errors 
of the averages gives some idea of the value of the 
results. It must also be borne in mind that the 
appearances of the sections represent the condit- 
ions as they are after death (STRATI 1886a 188613, 
BR &UNE 1890). That is to say, the dispositions 
which are the result of muscular action cannot be 
expected to be preserved in their entirety, if at 
ail. The movements to be looked for are elevation 
of the symohysis during labour, that is rotation of 
the innominate bones on a transverse axis, and ro- 
tation of the sacrum also on a transverse axis. 
I measured the angle formed by the axis of the 
pubis with the conjugate vera in tracings of some 
of the sections. The results are set down in 
Apoenclix. B, for the period immediately before labour 
for the first stage, and the second stage of labour. 
The figures for each period were arranged and their 
probable errors calculated. They are as follow: + - -- 
Before Labour (7 sections) 
Mean Pubic angle = 97.18° + 1.55 °. 
First Stau (12 Sections) 
Mean Pubic angle = 90.50° + 2.06 °. 
Second/ 
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Second Stage (8 Sections) 
Mean Pubic Angle = 93.37° + 189 °. 
A progressive lessening of the mean angle 
is found, to put it roughly, from the beginning to 
the end of labour. The differences among the three 
periods, however, do not exceed the sum of the 
probable errors and are therefore, untrustworthy. 
But, if the first and the third period are taken, the 
total difference of nearly 4° exceeds the sum of 
the probable errors by nearly half a degree, which I 
take to be a real difference, however many the in- 
cluded sections are likely to be. The reduction 
may imply either an elevation of the symphysis, or 
a lowering of the promontory, or it may indicate 
both. A reduction of 1° of arc obtains for each 
centimetre of rise of the symphysis, when the ratio 
of the conjugata vera is to the radius of rotation 
of the symphysis as 3:4, which it approximately is 
in Barbour's late second stage section, the centre 
of rotation being fixed as a mean point between 
MEYER'S and KLEIN'S determinations. Excluding 
very small angles of divergence of the radius and 
the conjugate, the angular differences hold good, 
whether the promontory lies above or below the 
radius 
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radius of rotation. The arc which the symphysis 
is able to describe measures 2.1 cm long according; 
to KLEIN. Elsewhere in the .game paper, KLEIN also 
gives data for a rise of 3 cm. The latter figure 
will, therefore, mean a reduction of 3° of arc, as 
compared with nearly 4° of the observations. Slight 
though the difference is, and scanty the material on 
vrhfch it is based, it suggests the possibility that, 
given the rotation of the symphysis, there may also 
be a rotation independently of the sacrum. If on 
the other hand we assume the symphysis to be immobile 
and endeavour to attribute the angular changes en- 
tirely to movements of the sacrum, we find that, 
under the same conditions as to ratio etc., the re- 
duction of the mean pubic angle for each centimetre 
of arcuate descent of the promontory ought to be no 
less than 4° of are. Regarded in this way, the 
tendency is to believe that the promontory is either 
very near the primary centre of rotation, or its 
movements are restricted by muscular action and in 
most of the sections, by the presence of the head. 
The latter view seems the more probable, as the 
changes in the pelvic dimensions, which will be re- 
ferred to later, go far to confirm the approximate 
correctness/ 
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correctness of KLEIN'S and MEYER'S determinations. 
Considered alone therefore, the observations on the 
mean pubic angle render a rise of the symphysis pro- 
bable during labour, but the information they convey 
regarding movements of the sacrum is at most only a 
suggestion. 
In the next place, the angle was 
measured which the anterior surface of the upper part 
of the sacrum makes with the conjugata vera. This 
was done for each of the sections, and the figures 
are tabulated in appendix 3. The averages for each 
period, as for the mean pubic angles, with their pro - 
able errors are n^ r set forth:- 
Before Labour (ry Sections) 
Mean Sacral Angle 10300 $ 2'41 . 
First Stage (12 Sections) 
Mean Sacral Angle -96 ° 58 + 2'41 . 
Second Stare ( 7 Sections) 
Mean Sacral Angle 117'29 f 2'60 . 
It is observed here that the progression is 
not uniform, as it is in the case of the moan pubic 
angle. And indeed, the inference has to be made that 
the rotation of the sacrum is reversed in the course 
of labour. To use an inexact though convenient 
mode of expression, we might say that the promontory 
.noves backwards from late pregnancy into 
the 
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the first stage, and forwards again during the second 
stage . The differences amonE the periods. Are in 
both cases much greater than the probable errors, and 
are therefore, in all likelihood real differences. 
In passing from the first to thé second stage, the 
difference greatly exceeds the sum of the '.arobable 
errors. The mean sacral angle necessarily increases 
whether the promontory descends or the symohysis 
rises, contrary to what happens to the mean pubic 
angle. Here again, when the total difference of 
l47 - °. is considered, raising of the stnnphysis alone, 
or rotation of the sacrum alone, seems inadequate 
to account for its magnitude on the basis of the 
4° per centimetre of vertical iovei:tent . The ob- 
served difference for the mean sacral angle tends, 
therefore, to confirm rather than otherwise the 
suggestion raised from the difference .in the mean 
pubic angle, that both the sacrum and the. innominate 
bones take part in the relative movements of the 
marts of the pelvic girdle. The clean sacral angle 
in the first stage shows a large reduction 1.n rom 
parison with the slight increase which . one right be 
led to expect from reduction of the inclination of 
the conjugate. In blow far it is real it is diffi- 
cult to decide, the more so as the mean air -line angles 
show/ 
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show a nearly uniform progressive:- 
Before Labour (7 Sections ) 
Mean Air -line angle = 723C° + O67° 
First Stage (11 ¶ections) 
Mean Air -line angle = 77.13° + 1.30°. 
Second Stage (7 Sections) 
Mean Air -line Angle = 62.04° + 0.330. 
It is possible, of course, that in a series 
of sections the correlation of the anterior surface 
of the sacrum with the air -line has a low value. 
In any case, the increase of the 'mean sacral angle 
in second to strong of 
the apex of the sacrum backvrarc3.s during that 'period. 
A comparison of the progression in the mean c acral 
angle with that in the mean pubic angle further pro- 
motes the view derived from the later that the ac- 
tual translation of the promontory through space is 
restrained. If this is so, it seems li?ely that 
there are two rotations of the sacrum. One of these 
takes place around KLEIN'S or MEYER'S approximate 
axis, and is functional before labour, during the 
first stage,, and in the earlier part of the second. 
The other is characteristic of the late second stage 
and is characterised by the bold translation back - 
wards of the apex of the sacrum. Most probably, 
the/ 
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the axis of this late rotation lies at a higher 
level - in or near the promontory and the base of 
the sacrum. At the same time, it is by no means 
impossible that the rotation of the sacrum in the 
late second stage 1F a' simultaneous occurrence of, 
two rotary movements about two separate axes. in 
the rivult, the relative movement between the sacrum 
and iliac bones will be greater than it would be, if 
there were a common axis, and it will also be 
greater between the articular surfaces of the bones 
at a lower than at a higher level. (In this con- 
nection it is worth 'noting that the breadth of the 
articular surfaces decreases from above downwards 
and with some rapidity towards the lower part of 
each surface In general, it seems remarkable 
that the evidence obtained from life should be so 
largely slx2 ?orted by that of the dead, more espec- 
ially as all the bodies excepting one or two were 
frozen in the dorsal extended {:posture. The expec- 
ted discrepancy is however, dieootlnted by the pres- 
ence of the fetus which acted as a block preserving 
in part, but I expect not entia'ely, the positions 
which were given to the pelvic bones during:life. 
gl4. In general terms elevation of the sym- 
physis di_miriwshes the inlet and enlarges the outlet: 
depression/ 
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depression of the svmphysis enlarges the inlet and 
lessens the outlet. Between the inlet and the out- 
let there is a >> Ñ ane, the dimensions of which scarce -1 
ly chenge ,21,.atever the position of the eemphysi.s. 
This plane for KÜTTNER (1898) and JAKE (1905) is the 
plane of the greatest dimensions (BECKi NWETTE), and 
in it the radius of rotation ought to lie. But, 
if it happens that the sacrum has two axes of ro- 
tation in life owing to muscular action, then the 
foaegoing statement is true only for the dead. As 
a more exact statement of the general terns .relating 
to tie conjugate vera, it may be said that, when the 
centre of rotation and the radius of rotation lie . 
below the level of the conjugata vera, elevation of 
the symphysis shortens the conjugate vera, and., 
when the centre and the radius lie above the level 
of the conjugate, elevation of the symphti sis lengthens 
the conjugate vera. In the former case the short - 
ening of the conjugate is proportional to the size 
of the original angle between the conjugate vera 
and the radius, and also to the ratio of the vera 
to the radius of rotation. The greater the angle 
and the shorter the radius, the greater the short- 




g ne? 1339, i.nveetigntions of the changes 
in the lengths of the various .,elvic diameters have 
mainly been occupied with those changes which occur 
as the result of movements from one artificial 
position to another.' From the earlier period, 
data relating to the diameters are meagre, but, for 
the most part, they ri r be held, to apply rather to 
such changes as are able to occur in normal lebour. 
DUNCAN (1854) .apparert _v by deduct ion from 1AGL á_S' S 
results and his own clinical observations, believed 
that, by raising the symphysis, the conjugata vera 
is diminished one or two lines, whi le the ant ero- 
posterior diameter of the outlet is probably in- 
creased twice as much,- nORWEGF T (1359) in puerperal 
pelves found the rotation oi: the sacrum is able to 
increase the conjugata vera by 1 -3 n .m . The great- 
est increase of the conjugate he found only in the 
dorsal posture with the loins raised, as also 
LEOPOLD (1849). l3o_LANDIN (1383), after fixing the 
sacrum, found that lowering the symphysis with a 
weight of 24 Kg-rms. prod.uced a greatest increase 
of the eenjugata vera of only 1.5 n.m. Raising the 
symphysis reduced the conjugata by 2 up to 3 n .rn . 
with a traction of 12 Kgrms., while the outlet * s 
increased/ 
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increased by 10 to 15 m.m. with the ascent of the 
symphysis . Already, CROWAT (1331) had made re- 
searches of a -similar nature . According to VARNIER 
(1394) CROUZAT found a variation of 3 m.m. in the 
con;jugata vera between the flexed and the extended 
positions. As regards the transverse diameter of 
the cutlet LABORI1 ( 1362) found a greatest increase 
in the bi- ischial diameter of. 2 cm. by the pressure 
of the head. alone, while BALANDIN by applying di- 
vergent traction to the obturator foramina obtained 
an increase of' the bi- sciatic diameter amounting to 
4 m.m. and of the transverse diameter of the outlet 
amounting to 4 -5 mm., the figares being averages. 
Of all the incruiries of the pre -! "lal cheri an 
period, however, not one, so far as I am aware, 
approaches within measurable distance of the labor- 
ious and co o rehensìve observations made by KORSCH 
(1331) . From the point of vier of the ordinary 
labour his results have a. special value not only 
because of the method he employed, but also on 
account of his apparent ignorance of the exaggerated 
movements which can be forced on the bones 
by the special positions of operative obstetrics. 
And, 
. perhaps, it is not going too far to write that 
the figures which KORSCH gives represent as nearly 
as/ 
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as possible the living possibilities of the pelvis 
in the ordinary labour, when it is borne in mind 
that the pelvers were cut out of the dead, and that 
muscular action was necessarily absent. The helves 
were widened with dilators, and the diameters were 
measured before and after dilation. KORSCH ex- 
amined 45 ,,elves. In 34 of these taken after 
abortion, in late pregnancy, during birth, soon 
after birth, and where there were large t amours of 
the uterus or other pelvic organs, KORSCH obtained 
increases of the diameters of the inlet and the 
outlet. These I have aaerag r'or the hole group. 
Inlet - Conjugata vera = 4 °41 m.m. 
Transv. Diam. = 2.84 m .m . 
Cutlet - Ant. post. Diem. = 5.07 m.m. 
ransv . Dian. - 3.52 m.m. 
That excessive force was not used is shown 
by the figures of increase in eleven pelves from 
men and non -pregnant women, for which the averages 
are:- 
In?.et Conjugata vera = 0.45 r1.m . 
Transv. Diem. = nil. 
Outlet - Ant -post Diam. = 0.13 m.m. 
Transv. Diam. = 0.45 m.m. 
KORSCH by his researches demonstrates the 
changes/ 
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changes which are associated with unusual activities 
of the generative organs, and especially with the 
occurrence of pregnancy. These changes are manifest 
in a yielding of the joints, and in a widening of 
the pelvis - of the inlet and to a greater degree, 
¡ of the outlet. According to KORSCH the conjugate 
vera is more susceptible of increase th7In the trans- 
verse of the inlet; the transverse of the outlet 
more than the antero- posterior diameter of the 
outlet . The widening of the transverse of the in- 
let leads to a shortening of the conjugate: the widen- 
ing of the conjugate does not alter the transverse 
of the inlet. The greatest enlargement of the 
transverse allows a further lengthening oT' the con- 
jugate; in the greatest widening of the conjugate 
the transverse diameter can not in most cases, be 
enlarged further: the widening of outlet always 
lessens the conjugate and usually leaves unchanged 
the transverse diameter of the inlet. A similar 
effect is produced on the outlet by widening the 
inlet. In many cases, the greatest mobility lies 
. in the sacro -iliac joints. Where movement is great- 
est, there is the greatest quantity of synovial 
fluid. The lengthening of the conjugate depends 
on the mobility of the sacrum: the yielding of the 
symphysis/ 
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symphysis affects especially the trsneveree diameter 
of the outlet. The greater the circumference of the 
hollow in the pubic joint, the greater the mobility 
of the joint. The number of births has no visible 
effect on the mobility of the joints of the pelvis. 
These conclusions given by KORSCH appear to be an 
eminently moderate summing; up of the changes which 
can be {produced in the pelvis of the cadaver by the 
action of centrifugal pressure, without the aid of 
exagverated obstetric positions. But, for the 
living subject there are reasons which I have al- 
ready given foi believing that the effect of muscular 
action still falls to be added to these results 
for the dead, and it would appear that the work of 
the muscles produces the greatest effect on the 
antero -posterior diameter of the outlet, and the 
least effect, though by no means to a negligible 
extent, on the conjugate of the inlet, while the 
transverse diameter of the outlet occupies, in effect 
an intermediate position. To gain an idea in 
figures of the great -et possible increases and dim- 
inutions of the )elvic diameters produced by all 
means short of pelvic section, one must refer to 
the/ 
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the inquiries which WALCHER set in train. IVLCHER 
(18 9) referring especially to narrow pelves, found 
an increase of the diagonal conjugate in the living 
amounting to 1 am., and a variation of mm. in the 
conjugata vera of the cadaver, from the flexed to 
the hyper- extended position of the body. KLEIN 
(1891), i'or normal non -puerperal female pelves, 
states a variability of 5.3 mm. in the conjugata 
vera, and of 5.6 rire. in the diagonal conjugate 
under similar postural conditions. The greatest 
increase in the conjugata vera, is i cm . , and the 
least 3 mm. In contracted pelves the values are 
slightly greater. KLEIN finds the weight of the 
legs acting on the innominate arc to equal 24 -30 
Kgrms. which is much as it was found by BALANBIN. 
According to KLEIN, this weight is less than that 
which can be produced by traction with the hands, and 
as KLEIN'S figures are derived from Pelves moved by 
this means, the changes »roc3uced by the WALCHER 
position will be still less than in the experiments. 
WALCHER (1899), in affirming the correctness of his 
position, believes that KLEIN under -estimated the 
weight of the lower limbs, and very naturally points 
out the invalidity of KLEIN'S claim to have disproved 
the value of the WALCHER ,position on account of the 
different/ 
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different nature of KLEIN'S material. According to 
KLEIN, a rise of the symphysis of 3 cm. shortens the 
conjugata vera by 9 ìmn . , while a rise of 1 cm. eff- 
ects a reduction of 3 mm. KLEIN here confirms 
BALANDIN that a rise of the symohysis has a greater 
effect on the conjugate than an eaual fall. 
KUTTNER (1398) in the three pelves which he examined. 
found an increase as great as that postulated by 
WALCHER, while the antero -posterior diameter of the 
plane of greatest pelvic contraction shows an in- 
crease from the WALCHER to the Lithotomy position, 
nearly, though not quite, double that of the conjugata 
vera, thus confirming DUNCAN' S inference made thirty 
years before. For the three pelves the mean in- 
crease of the conjugata vera is 1.1 cm., of the 
antero- posterior diameter of the "BECKENWEITE" 
0.17 cm., of that of the " BECKENENGE" 1.74 cm. 
DUHRRSEN (1893), WELT (1894), FOTHERGILL (1886), 
and HUPPERT. (1393) all obtained increases within a 
millimetre either way of that claimed by WALCHER. 
DEVRAIGNE and DSCOMPS ( .1910) cite, in addition 
LEOPOLD, KUSTER, KALT, CURRIER,'MANGIAGALLI, LA 
TORRE, and CALDERINI in support of WALCHER. They 
also range PINZANI on the same side of the contro- 
versy, but a reference to PINZANI'S report of 1899 
does/ 
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does not seem to support the authors. PINZANI ex- 
amined 62 puerperal women in t'ie lit'r_otomy and tT _LCH- 
er. positions. r, i ?, the conjugata diagonal is 
showed no variation, in 45, there were increases of 
1 to 8 mm. in favour of the l`1ALCHER position. In 
five cadavers PINZANI appears to have obtained no 
greater increases. On this other side to which 
PINZANI belongs on the strength of the report just 
quoted, VARNIER (1894) endeavours, in polemic fashion 
to show that the enlargement of the conjugata vera 
is less than WALCHER makes out, and in conclusion 
states that post -mortem examination shows the con- 
jugata vera unable to vary, on the average, more 
than 6 mm. in labour and 5 mm. in the puerperium. 
For VARNIER it has not been shown that the WALCHER 
position increases the conjugata vera to the extent 
of 1 cm. In a later and more violent communication 
(in 1899 I think), VARNIER reasserts his view with- 
out any new fact to bear on the problem. 
From the lithotomy to the WALCHER position 
BONNAIRE and Rd (1899) obtained a mean increase 
of 6.4 mm. in the conjugata vera in twelve cadavers. 
By giving data for the increase from the horizontal 
position to the WALCHER position, the authors made 
a/ 
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a useful contribution, as this transition is the o e 
most likely to occur in a case of difficulty at the 
brim, unless the high apolication of forceps with 
the body in the lithotomy position is a common. , rec- 
tice. The mean increase they found amounted to only 
3.5 mm. Also, LEBEDEFF and BARTOSZEWI Z of ST. 
Petersburg (1899), from measurements of 25 female 
(mnd 2 juvenile) cadavers, arrived at mean in- 
creases of only 0 to 1.1 mm. from the horizontal 
to the WALCHER position, and to the latter from the 
lithotomy position of. 1 to 7 mm. DEVRAIGNE and 
DESCOMPS also found the increases by the WALCHER 
position to be. much less than 1 cm., while GOENNER 
(1901) in 74 pelves in the dead obtained a mean in- 
crease, by the 'mame position, of approximately 2l 
mm. in the conjugate vera. In 20 of these pelves 
there was no change: in one only, the increase rose 
to 1 cm. 
For the entero- posterior diameter of the 
outlet LEBEDEFF and BARTOSZEWIíZ give an increase 
of 1 -7 mm. in passing from the WALCHER position to 
the horizontal, and of 6.4 to 10 mm. from the WALCHER 
to the lithotomy position. KÜTTNER'S figure, as 
already quoted, is 17.4 mm. NEUMANN (1902) reports 
on/ 
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on the enlargement of the outlet which he observed 
in nine abnormal pelves.' The increases occurred 
from natural causes, when th1 head, in each case, wa, 
fully in the cavity. In six of the cases, there 
was an increase of the antero- posterior diameter 
rising to a maxirnun of 2 cq . According to JAKS 
(1905), raising the symDhysis widens the outlet to 
as much as 1 cm. 
The transverse diameters of the pelvis, 
which vary Mainly as a result of the rotation of 
the innominate bones on a sagittal axis, show little 
change at the inlet, and a very distinct, though 
variable change at the outlet. KORSCH' S figure for 
the inlet is 2.84 mm. that for the outlet 8.52 mm. 
LABORIE (1862) believed the latter to reach no less 
than 2 cm. in some cases. BALANDIN, on the other 
hand, limited the increase of the outlet to 4 -5 mm. 
KLEIN found a variation the transverse riia,neter 
of the inlet of only 0:lcm , and, in general, con- 
siders the variability to be one -seventh that of the 
conjugata vera. KUTTNER confirms the results, and 
also believed the transverse diameter of the plane 
of greatest pelvic contraction to be nearly invari- 
able. His mean increase (in three pelves) for the 
transverse diameter of the inlet is only 0.07 ore. 
According/ 
According to BONNAIRS q.nd BUt, the increases of the 
transverse diameter of the outlet prove very vari- 
able. They are given only for four bodies, the 
mean being 15 mm. from the -Vn.LCHER to the lithotomy 
position: in three cases, the mean increase from the 
wALCHER to a position in which the knees were pressed 
against the shoulders was 17.3 mm. while the mean 
difference in the sane number of cases, between ab- 
duction and adduction of the knees, was 3.7 mm. in 
favour of the former, the figures varying from 0 to 
11 mm. In five cadaxers, PINZA I found a mean 
enlargement of the transverse diameter of the inlet 
equal to 3.2 mua. In NEUMANN' S contracted pelves 
the widening of the transverse diameter of the outlet 
reached a maximum of 2.5 cm., enlargement occurring 
in all cases. JONGES (1908), by his .position, got 
an increase of 9 mm. in the transverse diameter of 
the outlet, as compared with the effect of the 
lithotomy position. wILLINK (1910), in a contracted 
funnel -shaped pelvis, found only 5 mm. of inerease. 
VAN ROOY (1910) changing the patient from the ob- 
stetrical to the squatting position obtained, an 
increase of 3.5 mm . , and of 9 mm. in the JONGES 
position. 
Anyone reviewing these results, especially 
where/ 
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where they relate the history of the W I,CHER posit- 
ion, can scarcely fail to be im tressed. by the con- 
fusion of the terms employed, of the different me- 
thods ap:)lied to the pelvis, of the varied kinds of 
material examined, and of the distinctionsbetween 
life and death.' The pitfalls s which inquirers llave 
not always escaped have proved to be the distinct- 
ions between the conjugata vera and the conjugata 
diagonalis, between normal and abnormal pelves, be- 
tween the conditions of clinical and of anatomical 
research. Indeed, few mechanical subjects in 
obstetrics ?gave been the aim of no much research, 
and yet have been the centre of so much misunder- 
standing, and have been left in uch a state of gross 
confusion, as the effect of the WALCHER position 
on the diameters of the pelvis. The material used 
and the results hitherto recorded are so various 
that it seems impossible, at the present time, to 
co- ordinate the data with any degree of satisfaction. 
From the figures here recorded the great- 
est increase of the conjugata vera is seen to be 11 
mm. (KÜTTNER); of the transverse diameter of the in- 
let 3.2 mm. (PINZANI) ; of the antero -posterior 
diameter of the outlet 111.4 mm. (107 'TNER ), or 20 
mm./ 
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mm. (NEUMANN, for contracted. pelves); and of the 
transverse diameter of the outlet 20 ram. (LABORIE), 
or 25 mm. ( fEUJMA NN) . But there seems little d ?uht 
that the averages will fall considerably short of 
these figures. that they are in the dead and the 
living may be said to be unknown in the exact sense: 
that is, their determination for normal labour leaves 
much to be desired. I believe the figures given by 
KORSCH to be the most likely to represent in the 
dead changes at all comparable to the greatest 
changes of the ordinary labour, and if -2 mm. be added 
to the increase in the conjugate vera, and 4.5 mm. 
to each of the increases in the diameters of the out- 
let, the resultant figures may be inferred to 
strike tolerable averages for the greatest possible 
changes in the diameters which are the result of 
the movements of the pelvic bones by dilation, by 
change of posture, and by muscular act ion in the 
living. The figures will then read as follow- -= -_ 
INLET Conjugate vera = 8.41 mm. 
Transv. . Diem = 2.84 mm. 
OUTLET Ant - post Diem. = 9.57 mm. 
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The normal action of the uterus in labour 
is automatic, intermittent, and peristaltic. There 
is no fundamental difference between the action of 
the uterus in the first stage and the action in the 
second stage. According to LEISHMAN (1876), the peri- 
staltic or ganglionic motor action of the uterus was 
noted by HARVEY and W. HUNTER and has since been con - 
firmed by most physiologists. The tracings of SCHATZ 
(1886), and also those of POLAILLON (1880), show well 
the peristaltic character of uterine contractions. 
WIGAND claimed that the wave of contraction begins 
in the neck of the uterus and spreads upwards to the 
fundus, whence it returns to the cervix. Hence 
LEISHMAN considers the uterine action to be "partly 
diastaltic and partly peristaltic". Modern opinion, 
however, accepts the view of SCHATZ as the more 
correct, that the wave of contraction begins in the 
tubes whence it spreads over the body of the uterus. 
(WINO KEL 1887) . 
The automaticity of the uterus is in the 
strict sense an inaccurate expression. But the term 
is/ 
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is convenient for a function which is not necessarily 
connected with the vitality of the spinal cord. Con- 
tractility of the uterus may persist for BOM5 time 
after death. (AVELINO 1872, REIMANN 1877). HICKS 
observed contractions in a prolapsed uterus after 
death: BATJDELOCQTJE and HECKER (1866) observed them 
during a post- mortem Caesarean section (REIMANN 1877 ) 
Contractions of the uterus occur in Paraplegic 
patients. In three of the cases collected by ROUTH 
(1897) delivery took place unaided and unobserved. 
In SCANZONI'S, BRACHET'S and ROIJTH' S cases the 
mechanisms were normal, and only in BRACHET'S was 
assistance given. Many other cases have been noted. 
Spontaneous labour occurred in NASSE'S patient who 
had a fracture in the third and fourth cervical verte- 
brae; in CHAUSIER'S patient, in whom an echinococcus 
compressed the cord near the first dorsal vertebra; 
and. in VON RENT'S case where a neoplasm had grown in 
the dorsal region so as to compress or destroy the 
cord (VARNIER 1900) . More recently, spontaneous 
labour has been recorded by JAKUB (1911) , and by 
COMMANDEUR and BERTOYE (1913). 
Contractions of the uterus, like those 
occurring in normal parturition, occur in animals 
after the spinal cord has been cut, or destroyed 
FOSTER / 
(FOSTER 1879) . GOLTZ (1874c) found that in the dog 
section of the spinal cord in the thoracic °egion 
left intact the reflexes of the rectum and the bladder, 
b 
and. (1874 ) under similar conditions of section 
pregnancy ana labour proceeded normally. REIMANN 
(1877) records that SIMPSON out the spinal cord of a 
pig below the first dorsal vertebra,, labour 
occurring three days later. HEIMANN repeated the 
experiment in a cat, destroying the cord from the 
third dorsal vertebra backwards. A fetus was born 
shortly before the death of the cat two days later. 
OOHNSTEIN performed a similar experiment on the wolf; 
MASItIS and HEIDENHAIN divided the cord in the region 
of the last dorsal vertebra in dogs with similar 
results (VARNIER 1900). Hence, as REIMANN says, the 
impulse to birth does not depend on the lower cord. 
It has been suggested that the sympathetic nervous 
system is responsible. According to VARNIER, 
REIN separated the uterus from the inferior mesenter- 
ic ganglion without impairing the power of the con- 
tractions. G0LT7, in further experiments with EWALD 
(1890, rendered the action of the sympathetic 
system improbable. KRUEGER and OFFERGELD (1907) 
separated the uterus in animals from all the ex- 
trinsic/ 
129 
extrinsic nerves, and at the same time they cut 
through the spinal cord. Labour set in at the usual 
time and proceeded normally, the only visible effect 
being that the labour was painless. Certain other 
experiments make it clear that no portion of the 
central or sympathetic nervous system is essential 
to te due occurrence of uterine contractions. 
REIMANN (1877) suspended a uterus in a glass vessel 
containing air at blood -heat. Rhythmical and peri- 
staltic oontradlons : ̂ rere observed independently of 
any stimulation to last for about an hour, and were 
sufficiently powerful to expel a fetus through the 
vagina. KURDIN0W KY (1904) observed the activities 
of uteri in isolation, and kept alive by the circu- 
lation of LOCKEtU fluid through their blood -vessels. 
He describes the waves of peristalsis as being 
automatic, and he found the organ to respond readily 
to thermal and mechanical stimuli, and but little 
to the electric current. KURDINOVISKY, therefore, 
concludes that the muscular action of the uterus 
depends little on the central nervous system, and 
he suggests the probability of a local innervation. 
REHRER (19C 7 )kept excised f)orti.ons of the uteri 
of animals and of women alive for several hours in 
'oxygenated 
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oxygenated Ringer's fluid, and he recorded graphically 
their. contractions . Hence, we may conclude that the 
brain is not essential to uterine action, thoug!l 
clinical evidence shows readily enough that they brain 
possesses the power of inhibiting the contra.etione 
of the uterus, while VARNIER (1900) says that stimu- 
lation of the brain cauees contractions. The uterus, 
also, acts well enough without the intervention of 
the spinal cord and the sympathetic system. But, 
as FOSTER points out, the uterus is largely influ- 
enced, by the spinal ceord, and it may be that the 
influence lies in the direction of maintaining, inter 
alfa the reflex tonus of the uterus, as the experi- 
ments of CLEMENTI (1913) and others appear to in- 
dicate. .Thus, the experimental evidence points to- 
wards the automaticity of the uterine body, and to 
the possible presence of a local innervation. From 
the anatomical side LEE (1342) appears to have been 
the first to point out the existence of a large 
cervical ganglion. HART (1912) who believes in the 
automaticity of tue uterus cruotes BRAUN to show that 
a ganglion is present in the uterus about the level 
of the os int ernurn . SCHAEFFER (1399) and PI SSEMSKI 
(1903), however, consider the ganglion to be really 
a large plexus of nerves, grouped on either side 
of the cervix and composed of fibres derived from 
the / 
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the seecrd, t1230, and fourth sacral nerves, from 
the hypogastri.c plexus, and from the sympathetic 
nervoyxs system. HERFF (1892) and GA ,ON ICY (1894) 
found ganglionic cells in the muscle, and KEIFFLR 
(1908) in the course of the nerves. HCOCrK &MFR (191 3 
considers the uterus very rich in nerves, with an 
abundance of ganglionic, cells in the muscles, nerves, 
and in the r ucosa . Apiarently these nervous struct- 
ures develop along with the other parts of the 
uterus during pregnancy. According to VARNIER (1900) 
nany observers , beginning with W. HUNTER (1SC2) , 
llave recognised this development; and WILLIAMS 
quotes FRANKENtEUSER that the apparent cervical 
ganglionic mass doubles its size during the enlarge- 
ment of the womb. whatever be the nature anti corrpos- 
it i on of the rang ionic: mass and of the nerves 
ramifying through the body of the uterus natters 
little in one v ay. The essential point is that it 
has been demonstrated anatomical :1y that there are 
abundant sPecia? ly conductive prot.oplasmie 
connections among the nuscle fibres, and it has been 
shown ilxperimenta?. ly tiv t these connections are able 
to act efficiently in the absence of all coruni- 
cation with the central nervous and the syI'1"l)athetic 
systems. In this way the rapidity and rhythm of the 
peristaltic/ 
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peristaltic w,ivns can be explained, though not, t.hn 
cause of the peristalsis (7.0EH 1901) . In short, th*'X'i, 
given the initial stimulus which may be chemical, 
the uterus is able to act, and probably does act 
efficiently apart from nxtrinsic nervous elemmnt.s, 
and dirnr,t,ly in response to a local stimulus which 
i8 quickly rnpestna through thn uterine body by the 
local innervation; while, at the same t,.i.me,. reactiv- 
ities of the uterus - *ich can be recognised distinctly 
as reflex in nature, and which will be referred to 
later, are accessory and not e:ssnnt:tal to t,hn progress 
of lab,^ur. 
0 2. Most writers regard the action of thn ab- 
dominal musc.less in the second stage as mainly of the 
reflex type. Some, however, notably TARNIER and 
CHrNTRETiTL (1882), IQINOF.F (1886), and VARNIER (1900) 
believe the $nt.ír>11 t,r' bn -partly troltint,ßry and jirtiiV 
reflex. AUj*IARn (1894) states contractions depend 
on the qill, bu+,"r.he nec3d is so imperious that re- 
straint is imposfiiblen. DUNCAN (1875) expresses the 
opinion that, if t,lie abdominal muscles were the Ina-in 
expulsive power, birth would be a voluntary act. 
The problem can be studied by clinical observation. 
If, in the absence of a uterine contrzctzon,t,he 
Parturient woman bP rYladn to cont,rac+, t,he'abctnminal 
M1isC1e3s, or if she does so of her own accord in 
anxiety/ 
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anxiety to e21ci the labour, , the contraction whic}1. i s 
produced is sudden, jerky, }3nct of short duration. If 
more than one contractie;Il oc:rltri, t'tie3 sllße;efis:itifo movo 
monts are irregular 3.I1 timo and force. On the other 
hand, the contractions' which are associated with 
uterine action have rhythm, they incroase3 gradually 
in force, they may be long Hustainnd, and they jcrear 
off gradually. Those are the Charactorsi of reflex 
muscular action. Super:Lq236fi@fi on the`ia contractions 
are those of the reot:i ahcïorainis which do not, as a 
ruin, act until the broad abdominal muscles aro 
strongly cont.racto(i, and the sheaths of the rect.i 
are e4xtancied MgTREN7îrJEPF18f:5 ) . T}1e roc;t,i appear to 
be most under the control of voluntary action. Of 
the abdominal muscles, t,he recti, in the absence of 
uterine contirac:tit)I1s, are tik9 main contractors in 
response to the will, Their action is the first to 
weaken and disa;;Y)e7lsar under. anaesthesia. Their actior 
however, when it is associated with a ut.esrine con- 
traction is of the reflex tirpea, but it appears to 1)e9 
capable of groat reein.fUrcenent htr an effort of the 
will - a remark which does not..apt},lv with the same 
force, if at all to the broad abdominal muscles. 
In sama cases the voluntary action of the r.íec:t,i may 
occur at the beginning of an abdominal contraction, 
and it, lay than ho observed gradually to merge into 
the/ 
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the combined reflex and voluntary coiltrac:ti i)n which 
is charactc;rist:ic of the .f1lllu developed -1:ct,ion of 
the rec'ti ibdominis during s1 w=+ l.Yl. `; 11ü:llar phenom- 
ena are eX7erie11î;3d :in c',oIlllHctic;Il with llriIlation and 
de.feec:rtioI1. To rpjpE;at,thE3 reflex action of the 
broad abdominal muscles, and the partly reflex and 
partly voluntary action of the reeti are associated 
with contractions of the uterus. More particularly, 
t,}lE3 beginning c;.f, an abdominal contraction is not 
precisely synchronous with the beginning of a lit,c3?":i n 
contr., ct ï cn. Agradll,al harclE?n:ing of the uterus is 
fEllt, before abdï,Tnillal action begins. This circum- 
stance, after allowance is made for the appearance 
of an initial and relatively inefficient vol {I1t,.ry 
effort, is in itself evidence for the dependence of 
natural abdominal effort on the action of the uterus. 
One of the wá1l-1.7x1olsrn distinctions between the so- 
called first and second stages is the absence of 
abdominal contraction in the one, and its proscnc6 
in the other. As no reeogni sftblQ d1. i'f'°?°ence is ob- 
served in the action of the uterus in the two stages, 
it 1.s clear that abdomillal action does not depend 
on uterine contraction alone. As long ago as 1P.58, 
TYLER SMITH stated his belief that, abciominal action 
is/ 
is excited by the pressure of the uterine contents 
on the vaginal wall, a view which is repeated by 
FOSTER (1879) with a saving clause referring to 
uterine contractions. It is noticeable that, as long 
as the cervix is' not wholly dilated, the' pressure 
exercised on the vaginal wall is slight, and is, 
Moreover, not a mobile pressure. When, however, the 
os is so far dilated that the uterus can protrude its 
contents bodily, abdominal contractions set in, 
whether the membranes are ruptured or not. It is, 
therefore, probable that the intensity of pressure 
in the vagina must be relatively high, before the 
stimulus is effective. Not only the vagina, but the 
vulvar canal as well, app ears , to be able reflexly to 
arouse abdominal contractions. Traction with. a 
finger on the perinburi is a nore effective stimulus 
to the abdominal muscles than rubbing the wail of 
the abdomen, and it is also an effective, means by 
which can he produced an action of the uterus, which 
is apparently a true reflex, and through which, of 
course, abdominal action is excited. 
g 3. Little 16 known regarding the relative 
values of uterine and abdominal action in the second 
stage. 
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stage. SCHATZ, accordin g to AHLFELD (1903), held the 
two powers to be equal. Vo st .observers, however, have 
come to the conclusion that the one or the other is 
greater in effect. Granted an inequality, which is 
the greater or the more essential? At present the 
answer is largely a matter of opinion. HAUGHTON (1370 ) 
believed the abdominal muscles to be the main ex- 
pulsive power - a conclusion which rests on the ex- 
traordinary results which he obtained from his exper- 
imental and mathematical incuiry. According to DUN- 
CAN, SCHATZ a.nd HALLER held the same view. SCANZONI 
and LAHS appear to have considered abdominal pressur 
proportional to the uterine contractions, while 
KFHRTR (1367) looked upon abdominal pressure as being 
subordinate to uterine. (L AMENTJEIT 1385). In 
1372, LAHS believed that the uterus cannot e, e1 its 
contents without the assistance of the ligaments and 
the 
. abdominal wall. In a detailed study of the 
problem, DUNCAN (1375) considers the uterus the chief 
expulsive force on the grounds of:- 
1. The pressure experienced by the hand 
within the contracting uterus. (cf. 
AHLFfLD 1903) . 
2. The uterus being sufficient, when the 
voluntary muscles are weak_ or re- 
strained (cf. Li I SHIIAN 1876). 
3./ 
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3. The regulating influence of the uterine 
pains on the second stage. 
4. The importent expulsive action of the 
uterus after. albour. .
5. The arrest of progress by uterine ìnertì . 
6. The insufficiency of violent down- bearin 
pains in cases of uterine inertia. 
7. The birth a voluntary act, if the abdom- 1 
mna]. muscles were the chief. agent. 
8. The aesertA6 completeness of birth in ani- 
mals with the abdomen opened . (HARVEY 
and DE GRAA.F:fide VARNIER 1900). 
It i- not necessary to review these conclus- 
ions in detail. With the exception of the seventh 
which is capable of controversion, and the last which 
need not be held to apply to The 'human female, the 
conclusions of DITNCAN appear to be correct as state- 
ments of fact. But I think that DITNCAN has not prove 
his case that the uteru's is the chief expulsive forcej. 
All that has been done is to bring forward satisfact- 
ory evidence that the uterus alone is able to expel 
its contents. Similar evidence might have been used 
to prove the sufficiency of the abdominal muscles 
alone; 
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alone. It has to be remembered that the same muscles 
are able to expel hard raedsj, masses, in the absence 
of rectal peristalsis. SCHROEDER and STRATZ (1886) 
defend the opposite view that M ininal pressure is 
all important. Uterine pressure is weaker towards 
the end of the birth, and is unable itself to expel 
the child . Abdominal pressure 5 stronger under 
slight anaesthesia than it is without, but it fails 
under deep anaesthesia. Abdominal pressure could 
empty the uterus without the .issi stance of uterine 
contractions. SCHROEDER and STRATI, consider the last 
conclusion is proved. by the occurrence of post- 
mortem birth Which is due to the pressure of gases 
in the abdomen. 
The failure of abdominal pressure under 
anaesthesia does not necessarily mean that delivery 
is impossible. As a matter of observation, delivery 
Can still take place, though the time required for 
its completion may be greatly prolonged. The occur - 
fence of post- mortem birth by the pressure of gases 
in the abdomen is' not a good argument for the sole 
sufficiency of the abdominal muscle during life. In 
death, the soft parts of the passages become so great- 
ly relaxed, and the fetus loses so much of thefirrn- 
ness/ 
1 RG 
firmness and form Wh i..r,h are characteristic of the liv- 
ing object, that the resistance to delivery is reduced 
to a very low grade. In orle of t.hA cases collected by 
AvELTNG (1872 ) delivery occurred_ on the scaffold (CaQSS ). 
and ROE ̀I'H ,. in the ci.ificllfi8:i on whißh followed the read- 
ing of AVELI NQ a S Pap", stated his belief that, gravity 
was the cause of delivery in this case. SCHROEDER 
and STRATR admit, however, that go(.)d. Uterine pains 
raise abdominal pressure and that traction with the 
.forceps increases both, this effect, like that of 
traction with finger on the periri, wn .. appearing to 
act d.i root,l r or reflexly on the uterus, and reflexly 
on the abdominal walls. HART (1893) follows SCHRO J )ER 
in considering the intra abdominal pressurm, pct ing mn 
tie contracted uterus, to be the maire expulsive power., 
but thora is here, rualif i ration which clouds the 
issue to some extent. AHILFELD (1903) analyses the ex- 
periments of varions authors to determine this matter, 
but he does not ai,pear to have discovered facts of any 
g; eat importance for his assured statement that abdom- 
inal pressure is the main expulsive agent, a view 
which he expressed as early as 1881 -2. AHLF ELD, how - 
ever, admits that the uternh in the primary power, 
?,S it leads to the producti o i of abdominal pressure. 
For/ 
140. 
For SELLHEIM 1904 it is the general rise of inter- 
uterine pressure, but gravity is unimportant. . In 
1906a three expelling powers are defined. - the weight', 
of the contents, the undifferentiated general -con- 
tents pressure which is the chief force, and the con- 
centrated pressure of the fetus on the girdle of re- 
sistance. (ef. LAHS 1370 -1377) . In 1912, however, 
SELLHEItt declares his belief that the contraction of 
the uterus is "the source of power, and the essential 
to the progrese of birth ", thus reiterating the clear- 
ly expressed. opinion of LEI SHMAN (1376) that the uter- 
us is the prime force. WEIBOFF (1913) considers the 
uterus the main agent in the second stage, abdominal 
pressure being subordinate, though weighty and necess- 
ary. He states that, if the uterus is inert, abdom- 
inal pressure is incapable of expelling the fetus. 
Abdominal activity is aroused reflexly by pressure, 
on the stomach and intestines, of the uterus which 
becomes longer in the second stage of labour. At 
the same time, WERBOFr follows TYLER MUTH (1353 ) 
and RIBEMONT in recording that DESSAIOENES (1894), 
expulsive action does not appear, till the head. presses 




In the present state of knowledge, it is 
obvious the problem of the relative and absolute 
efficiency of the various admitted powers depends 
on the point of view. Restricting the problem to the 
lowest limit, ' we must admit that neither uterine 
pressure nor abdominal pressure is essential to deliv- 
ery. The action of gravity may be sufficient under 
very easy conditions. Iri a second group of cases 
where the resistance is rather more, either the 
uterine pressure or the abdominal pressure may be 
sufficient to secure delivery, alone and unaided, 
within a reasonable time. In a third group which in- 
cludes all cases ranging from those placed con- 
veniently sunder the term of normal labour up to 
those presenting varying degrees of abnormal diffi- 
culty, the one power or the other rna y possibly be 
sufficient to bring about delivery, provided the 
available time is unlimited and exhaustion does not 
occur. But these considerations differ from those 
which apply to the everyday event. Both uterine and 
abdominal pressure are then active, and the unsolved 
problem has corne to be, which is the more efficient? 
SCHROEDER "S / 
SCHROEDER' S arg'u4ent that the uterine power dimin- 
is}ien with its cubic content, is vitiated by the 
circumstance that the uterine power can only be 
estimated with tolerable certainty, when the abdom- 
inal muscles ares Quiescent, anrd. the means employed 
towards this end necessarily injure; the uterine con- 
tractions as well. Apart from this defect, the vie 
is at the best an expression of dubious mechanics, 
and, if c orreot, its ough +, to apply with equal eon - 
viction to the abdominal muscles. Moreover, we can 
not eomapare the independent actions of the uterus 
and the abdorninal muscles, as the' latter when acting 
alone, bohave in h relatively inefficient manner, 
different to : v °rtir way from the :activity which arises 
in the r;ourse of the normal eveilt. miring the 
second stage, the two powers are inter- related and 
mutually dependent in a remarkable way, and it in 
impossible, at present, to define the one from the 
other. The powers are also connected intimately 
with the state of the lower Canal, as regards dilat- 
ion and other factors. We know, however, that the 
uterine effort is the primary force, and that it 
Possesses the property of reinforcing the action 
of/ 
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of the abdominal muscles to a great extent, while, 
on the other hand, there is no distinct evidence 
that the abdominal pressure affects the uterine power 
to a similar degree. We are, therefore, in c position 
to say that the uterine effort is primary and relat- 
ively essential, while the abdominal pressure is 
secondary and relatively non-essential; but which of 
these two powers is the more ef.fic::ient is still un- 
known, aIld we then fall back on personal predilection 
in attributing the fiuper:itari ty to the one or the 
other. The rn=itter, ht present, has little practical 
importance, but it does not follow that it will al- 
ways be so. 
4. WILLIAMS (1912 ) , resuming t,he work of 
LUSCHKA. HENLE, HAUL', a.nd others ON the musculature 
of the uterine body, adverts ,wit,}1 caution to the 
inconclusive nature of the data which have so far 
been gathered together. Following HhLIE for the most 
Part, WILLIAMS recognises three layers of muscle in 
the uterus, an external, an Intf3rI1il, and an inter- 
mediate layer. These layers are not to be looked 
,upon as definite and separa.te strata of muscular sub- 
stance/ 
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substance, but more after the manner in which species 
are regarded by biologists, a.s fairly marked con- 
currences in a pnr:F'eet, A;rañ.atiOTi orsecluenr,e of inter.- 
lacin E; .fieras. The external layer, composed mainly 
of fibres running -.ln the lc)nE, axis of the uterus, is 
oorllparfätitrely :unimportant. The internal layer en- 
braces the cavity for the most part circularly, and 
forms a strong annular layer around the internal os. 
The intermediate layer it seems impossible to reduce 
to a dPsc;riptitre order. Its most remarkable c;cM- 
I)onents are the fibres which are looped around the 
uterus in figures of eight. Of recent writers, 
IVANOFF (1q11) directs attention to the Way in which 
the ligaments are spread out over the uterus. LAHS 
(1872) had, however, already referred to this .featllr-, 
and attached considerable importance to it., while 
BAYER (51d9 WINOKEL 18tt7 ) alloweç9, the ligaments a 
place in assisting to empty the uterus. IVANOFF, like 
AHLFELD :(1903), considers the transverse Or circular 
fibres to be most important, and states that they 
lessen the AI of the cavity, by acting in a direct- 
ion perpendicular to its axis. LA TORRE (1913) denies 
the existence of layers in the uterine musculature 
even for convenience of description, and infiiSts, on 
the/ 
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the mutual :int.erdependenr;r3 of the rmzscir) 
fibres. According to WFRNOFF (1913), GRTTS>)?'JtV gives 
a description like that of IuANOFF, but tracs the 
innermost, laver hack into the tubes. GdFRBOFF hirmsel.' 
recognises the Ysraelival eY'.[eßt only of the circular 
and longitudinal fibres. It is evident, )iowever, 
t)i;it, the rmiSr3ular fibres interlace with each other 
in a highly corqp:Lex manner; the obvious advantage of 
the arrangement being that traction can be applied i 
every bearing, ttild that the strength and coherence 
of the uterus can be equally maintained. 
)3ANT)L (1875 and 1877 divides the uterus in 
labour iI1tn an active and upper portion, 'i.rKT. a pas5iI e 
Pr lower portion, s3epa.rEited from e-..ch other by the 
so-called contraction c. x retraction ring which apear, 
to have been recogniser9, :fj rst, in this country at all 
events, by i[1-LTJE (1866). The part above the ring is 
composed of the I?1aiI1 muscular S21})St-mre of the llterll, 
and in the course of labour it thickens and shortens, 
while the part below the ring, known apprr~xilnitelY 
as the lower uterine segment, undergoes thinning and 
extension. Sil a recent paper (1915), BARî"sOiJR makes 
it clear that the' constitilt.i.on cf the segment varies 
among labours, while HOLLAN)) (1913) Tjo:T.nts out that 
it/ 
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it may consist in part of vagt11e1 wall. Most ob- 
stetricians appear to accept BANDL' S main discovery. 
IVANOFF (1911), however, regards the whole of the 
uterus as active in labour, and, following; ROSSA 
(1900), directs attention to the abundance and size 
of the circular fii)rPs in the vicinity of the re- 
traction ring. At an earlier date (i886) , HOFMFIER 
had shown that the upper portion of the lower uterin 
segment, consists of muscular fibres which hold a 
nearly circular course round the canal. D'ERCHIa 
(1P,04) points oit that the circular and oblique fibres 
fair outweigh the longitudinal in thickness and 
strength in the same region - an anatomical view of 
some importance, when the physiological action of 
the 'terns has to be considered. D' ERCHIA also fours_ 
a great development of elaatic fibres in the pregnant 
uterus, so that . it appears to be probable) that some 
elastic force is developed, possibly in the way of 
resisting excessive distension, but not in the way 
of assisting contraction; more especially as the 
cervical portio11 of the canal is particularly 
in elastic fibres (HOF MEIER 1886). 
f 5. Tn general, the mechanical function of 
t}73/ 
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the uterus As a phenomenon of muscular activity - 
the activity of plain, or unstri1)ect muscle :fibre. 
And, if the fibres were arranged around an oval 
cavity occupied by plastic object, in such a way 
that all the fibres had an equal effect, an equali- 
sation of all the diameters. of the uterus would 
occur. Such is not the c?-tse with the uterus. 
SCHROEDER and STRAT? (1885) showed that the fundus 
is higher late in the second stage than it is at an 
earlier period. HOF FHETW7 (1888) states the fundus 
is as high, when the head is horn, as it is- before 
eng *a gement, and the distance of the fundus to the 
summit of the head increases in the Course of labour 
as 28 : 40.5. FOTHER(I1,J6 (1895) confirms these 
views from clinical eviderios -ii:d from frozen sections. 
It is not until the shoulders aro being born that 
the fundus begins to approach the level of the pubis. 
WERI3OFF' S measurements indicate a similar change in 
the course of labour (1913). At the end of the 
first stage, the fundus is 3 ?,. 4:fi nterbreadths below 
the e Isiform cartilage: in the second stage, the 
fundus rises to the level of the -free borders of the 
ribs. It is, therefore, apparent that the uterus 
does 
;: 
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through the medium of the lower uterine segment which 
is attached "ringiriae to the pelvis" .(S1LLHEIM 1912), 
and becomes thinned and greatly extended. The 
occurrence of this extension, together with the re- 
lative displacement upwards of the active portion 
of the uterus, renders it difficult to determine the 
actual amount of shortening of the muscular body, 
but it probably occurs. In extreme cases the short- 
ening of the active portion and the extension of the 
passive portion may lead to the retraction ring 
being displaced upwards nearly to the level of the 
umbilicus (WILLIAMS 1912) . This function of the 
active portion of the uterus is, as HART (1393) ob- 
serves, more a retraction than a contraction. To 
put-the whole matter succinctly, we may describe 
the active portion of the uterus as a constrictor and 
a retractor, and eventually as a detractor. 
The uterus squeezes its contents into a more slender 
form, pulls on its attachments through the medium 
of the passive portion, and eventually, shortens 
itself and approaches its attachments, when the 
contents have attained the greatest possible degree 
of constriction. The capacity to constrict is, 
perhaps, the most important function of the active 
Portion/ 
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port:lon of the uterus, ani, jiict,;c3d by experiences in 
internal version, it is rlogt strongly developed in 
the vicinity of the retraction ring, an<i. where 
anatomical investigations appear to accord the great- 
est development of circular fibres. Paradoxical 
though it seems, this disposition is in accordance 
with the mode and effect of peristaltic action ob- 
served elsewhere, that, the most vigorous action is 
ds,Vei c: i,nd on that, part, of the moving object nearer 
the direction of motion. The retraction, or shorten-1 
ing of the muscular body of t.11e uterus argues strong- 
ly for the passivity of the lower uterine segment. 
By pulling on its attachments, the active portion 
renders the passive portion tense and sufficiently 
resistant to lateral displacement, let ,us say, in the 
absence of abdominal contractions, and such is the 
sensation conveyed to the exploring hand under 
anaesthesia of the patient, there being little to 
choose between the palpable condition of the lower 
uterine segment and the vagina. Both exercise an till -' 
certain amount of tension which is employed in the 
direction of resisting undue dilation rather than of 
Producing active contraction. The essential shorten- 
ing and approximation of the uterus is not so clearly 
due 
due to muscular action as the other functions of the 
uterus, and the slender importance which is attached 
anatomically to the longitudinal lamellae of the 
uterus makes it possible that a large part of the 
shortening is due to the same cause or conditions 
s !ich produce shortening and narrowing in the lower 
uterine segment and vagina. The foregoing account 
places in the forefront the view that the prolonged 
maintainarice of the elongated condition of the uterus 
is due essentially to the uterus being a constrictor 
rather than a contractor 440V. The circular 
and, to some extent, the oblique bundles of muscle 
fibres outweigh in active power the longitudinal, 
and, as a consequence, constriction becomes inevi- 
table, and continues paramount, until such time as 
further constriction becomes impossible. The reduct- 
ion of the transverse diameters of an absolutely in- 
compressible body is possible only in the presence 
of elongation which takes place at both polls, for 
the simple reason that the longitudinal muscle fibres 
are relatively ineffectual, and because, for a time 
at least, the resistance is as great, or as small 
at the one pole as at the other. Gradually, however, 
the resistance diminishes at the lower pole (or 
should 
thould diminish normally), and the object tends to 
move in this direction, while further elongation of 
the uterus at the superior pole, under the altered 
conditions, is able to be restr=+iried by the uterine 
body; the ultimate control being, under natural 
conditions, the ligaments of the uterus, the dia - 
phragm, and more generally antra- abdominal pressure. 
The principal alternative explanation of the elongat 
ion of the uterus resides in the fetus, and is 
identified with the name of SCHATZ, its discoverer. 
Not a few, notably TARNIER (1882), DESSAIGNES (1894), 
and GALAnN (1910) has written in favour of this view, 
but the general trend of opinion, especially in 
later times, denies its probabi1it-. SC ATZ (1872a, 
1872b) postulates a persistent tendency of the uterus 
to assume a spherical form, and a continual effort 
ori the part of the flexed fetus to extend. The 
former is the Form -restitution -power of the uterus; 
the latter the form- restitution -power of the fetus, 
the whole being called simply the form-restitution- 
force. In the contest which must be supposed to 
occur between the fetus and the uterus, the fetus is 
the winner, unless there is an excess of liquor 
amn or the fetus is macerated; while it ceases to 
exist/ 
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exist, when the head has completely passed through 
the op uteri, that is, when the fetus is fully 
straightened, but ít :reappears on the fetus entering 
the curved portion of the canal, and it is then due 
to over -extension on the convex side of the fetus. 
By means of this force SCHATZ accounts for the elong- 
ation and narrowing of the uterus in the second stage. 
Many objections can be raised to the theory. LAHS 
(1872) has alrnady stated some of them. The principal 
difficulty, however, consists in the presence of the 
fetus not being necessary for the development of 
uterine phenomena identical to those of the second 
'stage. This aspect of the problem has been examined 
It 
by FABRE (1910) and by RUBSAMEN (1913), and, as it 
has a direct bearing on the uterine mechanism of the 
second stage, it may here be repeated. PABRE, by 
means of careful measurements in the third stage, 
Proved that the uterus lengthens and narrows in the 
course of its contractions, and in spite. of the fact 
that it contains the soft and relatively formless 
Placenta. The increase in length and the diminution 
of breadth are considerable, as the table appended 
shows. I have already suggested that the active 
Portion of the uterus actually shortens by its 
activity . 
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activity. Measurements which I made on FABRE' S draw- 
ings do not immediately bear out this view, but it 
has to be remembered that the lengthening by dimin- 
ution of breadth tends to obscure real shortening. 
The figures for the active portion are given in the 
third column of the table. 
TABLE of MEASUREMENTS of the UTERUS in the THIRD 
STAGE of LABOUR (from FABRE.) 
Period. Fundus Transv.Diam. Length of 
to Pubis. Active Portion 
(FABRE) (FARRE) (SELF) 
I. Repose after 20 cm. 
child born. 
II.After. first 26 cm. 
contractions. 
12 cm. 16 am. 
12 cm. 17 mn. 
III.Complete 
separation. 26 cm. 9 cm. 17 cm. 
;V.After 19 cm. 
expulsion. 
9 cm. . 17 cm. 
These figures show that the seat of elong- 
ation is the lower uterine segment, and, proving 
the existence, as they do, of lengthening and narrow- 
ing, they further show that lengthening and narrowing 
are inherent ' to uterine activity and independent of 
the nature of the contents. The results obtained 
n 
by RUBSAMEN confirm those of Fabre on all the esserit- 
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essential points. 
WERBOFF (1913) brings forward some novel 
considerations relative to uterine action. 
. Starting 
from analogies with the invertebrates and with all 
cavities or tubes enclosed by plain muscle fibres, 
he reach's the conclusion that the longitudinal fibres 
of the uterus are alone active in the first stage, 
and the circular fibres in the second. In the re- 
sult, the uterus shortens, deepens, and broadens in 
the first stage, lengthens and narrows in the second. 
The pressure of the abdominal walls gives support to 
the circular muscles of the uterue which, otherwise, 
would have according to W1RBOFF, no fixed point 
from which to develop their power. At the same time 
the abdominal muscles resist excessive elongation 
of the uterus, and they also straigten it. WERBOFF 
applies the same theory to the period of the after. - 
birth. And here he arrives at a possibly important 
point. The placenta must be separated before it can 
be expelled, whence he argues that the circular muscles 
are unable to act until the contents are able to 
move. Thus, the expulsion of twins is explained by 
saying that the upper twin is not loosened, and so 
it is merely compressed, while the lower twin, being 
loosened, is expelled by the action of the lower 
circular/ 
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circular muscles in the same way as is the placenta. 
In trying to strengthen his views about the separate 
action of the two groups of muscle fibres, WERBOFF 
refers to the known actions of various drugs, and 
also to the effect of section of certain nerves on 
the functions of the rectum. He admits, however, 
that a double nerve supply to the uterus, though. 
probable, has not been demonstrated. 
There is much in WERBOFF'S views that is 
attractive, the more so as they are developed from 
the biological standpoint. If, however, Werboff had 
been so situated geographically as to be able to 
include sea -anemones in his studies of invertebrates, 
he might not have gone so far as he has done. Each 
anemone is a miniature uterus, and the analogy is 
completed by the circumstance that much of the activ- 
ity of the anemone depends on a general- contents- 
pressure. An examination of the animals shows that 
the two groups of muscles, the longitudinal and the 
circular or radiate, can act independently, or 
simultaneously, and that the form which the anemone 
assumes depends largely on these facts. On the 
uterine side, the vast complexity of the arrange- 
ments of the muscle fibres is against WERBOFF, and it 
is by no means clear that the circular fibres need 
a/ 
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a fixed point of the kind indicated. The contents 
must be sufficient, otherarise no contractions would 
be observed in the isolated organ. Or the whole, it 
seems more probable that, all the fibres of the 
uterus are active throughout labour, the longitudin- 
al taking a predominating part in the first stage, 
and the circular in the second. 
Inference derived from the muscular structure 
of the uterus, and analogy taken from other engines of 
peristaltic motion lead one to believe that the 
uterus performs its work by squeezing its contents, 
and by retracting over its contents. This mode of 
motion is essentially preservative and, tl'erefore, in 
accordance with the natural laws. It implies elon- 
gation of the uterus, and it does not demand the 
transmission of power, or of resistance through a 
special part of, the contents, or from one part of they 
contents to another. Rather, it gives the impression 
of the conversion of force into movement throughout 
the contents as a whole. 
O./ 
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f6. The abdominal walls forum a muscular tube 
which is maintained, in a more or less extended state' 
between the thorax and the pelvis, by the spinal 
column and the erectores spinet), and which embraces 
the body of the uterus. The tube is closed above by 
the diaphragm, and below by pelvic floor which is 
eventually made to yield. The action of the muscular 
tube is mainly constrictive, that is to say the tube 
inteuuittently and progressively reduces all its 
horizontal diameters. (Lesshaft 'Et. by Lawrentjeff 
1885) . The analyses of abdominal action is, however; 
complicated by the presehce; of the spinal column, by 
the inequality in the strength of the several muscles 
which form the abdominal walls, and by the successive 
periods at which the different groups of muscles come 
into contraction. A supplementary though unessential 
action is to support the body of the uterus. SCHAT7 
(1870) regards the abdominal wail as an apparatus to 
reduce the size of the abdominal cavity and divides 
it into two parts ; (1) the diaphragm, and (2) the 
abdominal and lumbar muscles, based on the spinal_ 
column. SAPPEY (1876) attributes two forces to the 
abdominal muscles, an upper and a lower. The upper 
reducea the size of the cavity, and the lower furnish- 
es a resistance. TAR i Rand CHANTRPUIL (1882) con - 
sider 
 go 
consider the abdominal muscles to exercise antero- 
posterior pressure on the uterus. They point out 
that abdominal pressure cannot force the uterus 
downwards, owing to the diaphragm being fixed when- 
ever the glottis is closed. 
It was not until LAWRENTJEFF published the 
results of his unique researches in 1885 that much 
was known of the nature of abdominal action. LAW - 
RENTJEFF enumerates sixteen muscles in the abdominal 
complex, and separates them into two groups. (1) 
those which lessen the size of the abdominal cavity, 
and (2) those which act as a support ( - the ereatorm 
trúnci communes). He finds, in general, that the 
right and left sides are equal in power (so also 
SCHATZ); the anterior wall is four times more power- 
ful than the posterior wall, and the upper twice as 
strong as the lower, which last is the locus minoras 
resistentiae of KEHRER (1864). More in detail, the 
upper half of the anterior wall is more powerful than 
the lower in .the proportions of 23: 21, the posterior 
portion of the diaphragm more so than the anterior 
(SCHATZ regards them as equal) . LAWRENTJEFF draws 
attention to the large aponeurotic areas and surfaces 
of origin and insertion of the abdominal muscles, 
both being factors leading to a great increase of the 
power 
power of the muscles, according to the researches of 
LESSHAFT. LESSHAFT showed that the muscles can work 
longer and more powerfully the greater the extent of 
their insertions, and the smaller their relative 
physiological cross -sections. For I,A''RENTJEFF, the 
pelvis is fixed by the lower limbs, the rima Blotti- 
dia is closed, the diaphragm is fixed in one position 
and the erectors of the spine are stretched. These 
arrangements form the basis, stable for the time 
being, for the contraction of the abdominal muscles. 
Both side groups of muscles contract simultaneously. 
They flatten the curve of the abdomen and increase 
the attachments of the reeti abdominis so as to 
favour their action. The middle wall is flattened 
gradually'. In the order of the beginning of'their act Ion 
we have, first, the diaphragm which contracts and is 
lowered into the abdominal cavity; secondly, the 
had abdominal muscles which contract and extend the 
sheath of the recti, and, thirdly, the contraction of 
the direct abdominal muscles. 
In the course of a "bain" the sequence of 
events occur quickly, but not so quickly as to leave 
any doubt as to the correctness of LAWRENTJEFF' S 
observations which have met with the approval of 
SCHROEDER and STRATI and others. They seem, however, 
to/ 
to be deficient in one respect, in that they do not 
give a more prominent 'place in the scheme to the 
spinal column and the lumbar muscles. The former, 
being temporarily fixed, disturbs the contraction of 
the abdominal muscles towards the central axis and 
it would, appear that, in practice, the cer,1ral line 
must approach the spine d.ur. i ng an abdominal contrac- 
tion. It can readily be shown, however, that the 
spine is not an essential factor in the compression 
or contraction of the uterus. During the earlier 
part of an abdominal contraction, the lumbar region 
on both sides of the spine is distinctly, though 
slightly bulged. Thereafter, it remains firm, hard, 
and resistant, and in the result it must play its 
part in the development of abdominal pressure, and 
also in determining the ultimate direction of that 
ireesure. The view that the diaphragm resists un- 
due elongation cf the uterus is unsatisfactory, 
though i have already admitted it in cataloguing the 
resistances. A special as opposed to a genera]. re- 
sistance in this region might conceivably be in- 
jurious to the liver and Other organs which would 
experience a special compression between the dia- 
phragm and the uter?.s. The apparent strength of the 
diaphragm does net seem adequate for the purpose, 
while 
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while LAYVRENTJEFF' S finding that the diaphragm is 
twice as strong as the pelvic floor is rather start- 
ling. The special resistant function of the dia- 
phragm appears unnecessary, when the uterus is felt 
in the powerful grasp of the broad abdominal muscles, 
and when the recti abdominis muscles come into 
action with a strength which is greater above than 
below. In the meantime, it is not easy to avoid the 
conclusion that, in the midst of the conmlicated 
stresses and strains of abdominal action, the dia- 
phragm is not called on to develop any specialised 
or active resistance, but only to assist in maintain- 
ing the general state of intra- abdominal pressure, 
The main differentiation of the abdominal stresses 
is produced by the ultimate Vgluhtary contraction of 
the retti abdominis, and especially of their upper 
Portions. Ìt results in a marked shortening of the 
antero- posterior diameter of the abdominal cavity 
and, to a less extent probably, of the uterine 
hollow. This may result in increased-strain of the 
lateral walls, at least as long as organs intervene 
between the uterus and the spine, but in the event 
of the uterus coming to press directly on the lumbar 
column the whole of the force will then be absorbed 
by the Spine without injury, and without additional 
stress béing brought to bear on the diaphragm, and 
the organs lying beneath it. 
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g 7. In the prececUins section proofs have been 
addreed of the essentially similar actions of the 
uterus and the ahconinal walls. Both are above all 
ennstrictors, reeking to reduce the moveable content 
to its most slender form. When this state is reach- 
ed, the constrictive effort is maintained and, under 
certain conditions, is gradually increased. Lear- 
the movement of the moveable content becomes 
inevitable towards end throu &'h the area of least 
resistance. The effect of uterine and abdominal 
action, therefore, becomes a single problem in re- 
lation to the second stage of labour. The E :era x. al 
history of this part of the r.iechanism : +.: . e;lipsed 
by the outstanding contribution which was made by 
4 
LAEn in the year 186k,. At that time LAHS intro- 
duced his conception of uterine and abdominal 
pressure as a general- contents pressure, and his 
original/ 
The theory of LpHS was anticipated in a remarkable 
way by RITCHIE in 1865. Frocs the presence of fluid 
in the cavity of the uterus during the first stage 
the late Pr . L;l;'.i áï.jr ille23ce t1 1. i 'Te internal pren- 
ure must be equally distributed all over the inside 
of the uterus. He extended his view to the second 
stage by assuring that the head then acted as a 
valve, preventing the escape of raters. for this 
reason he denied emphatically the possibility of 
fetal- axis -- pressure, and declared his belief that 
the resultant of uterine pressure acted in the lire 
of the axis of the uterus. Still earlier, HUBERT 
(1858), as LAHS admits, had applied the hydrostatic 
theory to explain uterine action in the first stage. 
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original hypothesis noir rents as the only possible 
theory of the action of the dil ating and expulsive 
forces. IT general- contents pressure it is r±eent 
that, when a force is applied to any part of the in-. 
ternal wall, the .pressure is distributed equally in 
all directions throughout the contents of the cavity. 
The theory implies that the contents are of a liquid 
nature, or that they behave as if they were mainly 
liquid, and that , when the utertte and the eb-dominai 
muscles contract, the pressure is ecva3_'ised rVer the 
Whe3e of the internal wall of the uterus, and also 
over the area of least resistance. In the second 
stage, LAHS considered, the general- contents pressure 
to act as far down as the "girdle of resistance" 
around the presenting part of the fetus. For the 
first Stage, with the membranes intact, the theory 
met with ready acceptance, but its applic .tion to 
the second stage has been recognised more slowly, for 
here the problem is not cuite so simple, and probably 
because some confusion ray h ve arisen bet,reer the 
immediate and the ultimate effects of irtr .- unterine 
pressure. Even in the first stag the general-con,.- 
tents pressure is not a complete explanation of the 
observed phenomena. LAH8 himself admitted. as much. 
In 1877, he repeated that gravity due to the greater 
specific/ 
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specific gravity of the fetus, and, for a limited 
time, fetal -axis pressure due to the shortening of 
the uterus have a plane in the mechanism in keeping 
the head against the cervix, and in the second stage, 
acting along with the elasticity of the uterine wallE 
in forcing the head as a ball -valve against the 
girdle of resistance. But even this is not enough. 
When the head presents in the occipito-anterior 
position, the membranes are more likely to be pre- 
served in an unbroken condition until dilation of 
the cervical .canal is complete, than when the head 
is in the occipito- posterior position, or when the 
breech is presenting. The explanation of this 
difference appears to be that, with the head in the 
occipito -anterior position, sane of the force of the 
general- contents pressure is absorbed at the great- 
est circumference of the head; and, as the cervix 
must necessarily grasp the head as effectually in 
the occipito- posterior as in the occipito- anterior 
position, and the breech as effectually as the head, 
the difference must ultimately be due to the suit- 
ability or otherwise, of the presenting part to the 
Pelvic canal which, in the occipito anterior position 
of the head, must considerably absorb the general 
shocks 
shock, and resist communication between the general 
contents of the uterus and the forewaters. At the 
same time, as long as the membranes are intact, the 
pressure in both regions is necessarily a general- 
contents or hydrostatic pressure: only, with the 
favourable position cf the head, there is a differ- 
ence in the strength of the pressure between the two 
regions. Also, the distribution of the rate of 
absorption cf the pressure around the greatest circum- 
ference of the (resenting part will depend on the 
physical nature of the presenting part. This 
problem naturally becomes more prominent in the 
second stage, and when the membranes are ruptured: 
it leads, as a matter of course, to a discussion of 
the physics of the fetus. The mode of transmission 
of the uterine and abdominal power in the second 
stage has been and is the subject cf diverse opin- 
ions, much of the difference turning on the real or 
supposed capacity of the fetal spine specially to 
direct pressure on the presenting part, this mode 
of transmission being hitherto known obstetrically 
as fetal- axis -pressure. Before the publication of 
the views of L.AHS on the second stage, the fetal 
spine was considered to be the sole medium by which 
the 
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the powers were conveyed to the presenting part . No 
doubt the fetal spine was there ; it gave the impres- 
sion of rigidity and incompressibility: and it led 
to a ready and comfortable explanation of the mechan- 
ism of flexion. So strongly was fetal- axis -pressure 
favoured to the exclusion of all other ideas that 
LAHS was induced to handle the subject with great 
care, and. at a length Which seems unnecessary to 
the modern reader. In 1870, he quotes from the 
"Zur Mechanismus der Geburt " (1869) , and argues 
further that general -contents- Pressure is the true 
theory and not fetal -axis- pressure. He returns to 
the subject in 1872 and again in 1877, dealing in a 
lively fashion with the criticisms of, his opponents, 
and seeking always to strengthen the position of 
the theory. 
Subsequent to the issue of the "Zur Meehan - 
ismus der Gexburt" , the theory of LARS has been ably 
supported by HAtIGHTON (1870), SIMPSON (187.3),* HART 
(1879 a . b ) SCHROEDER and STRATZ (1886) , ZWEIFEL 
(1890), who firmly denies the existence of fetal -axis 
Pressure/ 
Prof. Simpson believed in fetal- axis -pressure when- 
ever the breech came into contact with the fondus 
(in 1378) . 
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pressure, BARBOUR (1895) and S:1aLLHEIM (1904) ; and it 
is worthy of note as a tribute to the theory of the 
general- contents pressure that no well- known writer 
in the last forty years, so far as I am aware, has 
relied on fetal -axis pressure alone in the second 
stage of all labours. Several authorities have how- 
ever, advocated the combined action of the general- 
contents and the fetal -axis pressures, and under 
certain conditions of fetal -axis pressure alone. 
SPIEGELBERC (1882) considered the general -contents 
pressure to be the more important, and the fetal - 
axis pressure by the fundus to act only in the second 
stage. OLSHA.USE.N holding both the general- contents 
pressure of LMHS and the Form -restitution force of 
SCHATZ inadequate to explain the powers (1870), 
returned to the subject in 1901, when he pointed out 
the frequent contact of the breech with the fundus 
in both stages of labour, and he argued from the 
disposition of the parts for the direct pressure of 
the fundus on the fetal spine, especially in the 
second stage. WINOKEL (1887) observed the same 
circumstance in two of the sections but does not 
seem to have been led to infer therefrom a fetal- 
axis/ 
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axis Pressure. Again in 1906,oLSH AUSEN refers to 
the special case of a delayed breech where the waters 
have drained away, and in 17 he believed general- 
contents pressure to be ineffectual without the 
addition of fetal -axis pressure. D' IRCHIA (1901) 
found the breech in =tact with the Hindus in four 
cases of Caesarean section, and further refers to 
sections and. quotes OLSHAUSEN for its frequent though 
not invariable occurrence in the first as well as 
the second stage . ' D' ERCHIA does not actually name 
fetal -axis pressure, but he assumes from the fore - 
going observations that the fondus is able to exer- 
cise direct pressure on the fetal spine. JELLETT 
(1905) believed both to act in the second stage, the 
fetal -axis pressure acting as part of SCHATZ' S form - 
restitution- force. In the 1910 edition of GALABIN 
and BLACKER, the older theory with its later im- 
provements is still advanced, Briefly, the authors. 
state that, where the uterine .walls touch the fetus 
the force is transmitted through the spine to the 
condyles of the skull. This direct pressure on the 
fetus iS the form -restitution- force, because, when 
the uterus contracts, it tends to assume a certain 
definite 
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definite form, dependent on its natural shape and 
the relative strength of its muscular fibres. The 
uterus is lengthened in spite of the pressure on the 
fundus. This explains how the fondus can transmit a 
.force to the head through the spine in spite of the 
latter's pliability, because it is supported all 
round and prevented from bending. DAKIN (1900) had 
already advocated a similar mechanism. In a delayed 
labour as waters drain away, the general- contents 
Pressure becomes less and the fetal- axis -pressure 
more important. GALABIN calls them general intra- 
uterine pressure and direct uterine pressure respect- 
ively. I have extracted GAL;ABII 'S views rather fully, 
and I hope fairly, because they contain the principle 
argument against the validity of fetal -axis pressure 
as it has been conventionally defined. Neglecting 
the cervical spine which need not have anything to 
do with the transmission of power we have the spinal 
Column of the dorsal and lumbar regions - a pliable 
segmented rod, incapable of resisting lateral stress- 
es, and of transmitting pressure in its long axis 
without bonding so considerably as to waste a large 
Part of the force. The inefficiency of this way of 
applying, 
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applying pressure can be cautiously experienced in 
the unsupported body of the new born. GXALAF3IN 
attempted to overcome this difficulty of trans- 
mission by stating what is perfectly tree th -.ts when 
the uterus contracts, the soft parts of the contents 
are placed under pressure and completely support the 
spinal column, so that it becomes a rigid rod and, 
as such, efficient in the transmission of pressure 
in the long axis of the fetal body and of the uterus. 
Now, in order that this arrangement may come about, 
the general pressure must be as great In the soft 
parts of the uterine contents as in the spinal 
column, because, whenever the pressure in the spinal 
column becomes greater than it is in the surrounding 
soft parts, the spinal column of the fetus will at 
once begin to bend and will no longer remain 
efficient in the forwarding of longitudinal pressure. 
Seeing, therefore, that the pressure mist be the sema 
in the soft parts as in the spinal coll.= of the 
fetus, and that the soft parts are virtu: -;1ly incom- 
pressible it follows that the soft parts under the 
intrauterine conditions are as' efficient trans- 
mitters of pressure in the longitudinal axis of thet 
fetus/ 
fetus as is the spinal column itself and that in so 
far as the conduction of the farce of the uterus is 
concerned the mechanism would be just as efficient 
as it now is if the spinal column of the fetus were 
absent. The supporters of the theory of fetal- axis 
Pressure as an auxiliary or a principal expulsives 
force, rely on a longitudinally directed pressure 
from the fundus through the spinal column of the 
fetus. The existence of a pressure transmitted in 
this manner does not appear to have been satisfactor 
ily proven. Nor has it been shown that the fondus 
is extended by straightening of the fetus, to which 
GALAz3IN resorts for the production of longitudinal 
Pressure. Anatomical and other considerations, 
already referred to, rather point to the cause of 
elongation of the fundus being an inherent property 
of the uterus itself, which would be operative, even 
supposing the uterus were to contract on a cavity 
filled with air. And, seeing that the abdominal 
Muscles cannot force the fmadus downwards ( ARNIER 
1882), we reach the conclusion that the fundus is 
no more than: a .intainer of antra- uterine press- 
ure like the diaphragm, and eventually a follow- 
through/ 
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through as the contents of the uterus are expelled 
(WINOKEL 1887). I have quoted FARRE on the action 
of the uterus in the extrusion of the placenta. 
Here, there is no fetal spine and no evidence of 
special longitudinal expulsive pressure exercised by 
the ftundus. Tho sucer st-i.v ßxp;asicn of twins is also 
better accounted for by the constriction and retrac- 
tion of the uterus acting by a gensrai- contents 
pressure, than by a fetal -:.xis pressure longitudin- 
ally directed from the f1.Andus, especially if 
WERBOFF'S views on the effect of the ttlooseninv cf 
the twins are taken into account. So it is also with 
the circumstances, to which DUNCAN (1875) has referred 
that a part more moveable than the rest of the fetus 
may be propelled alone or more quickly. Moreover, 
the theory of fetal -axis- pressure is gravely injured 
by the discovery from frozen sections that the spinal 
column, as well as the true axis of the fetus, does 
not always coincide with the axis of the uterus. (ne 
SEIGNEUX 1901). 
As long as any quantity of liquor gnmÿi 
remains in the uterine cavity, the theory of the 
general -contents -pressure applied to uterine and 
'abdominal/ 
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abdominal action le comprehended. But it 
has not been clearly shown that the general -contents 
Pressure, thus developed and applied, is transmitted 
purely as a general- contents pressure through the 
fetus, and that. in the complete absence of amniotic 
fluid, the fetus re -acts as if it were a fluid, by 
manifestinE; a general- contents pressure at its lower 
pole. In other words, the powers are potentially 
and optimally hydraulic or hydrostatic in action, 
while it has not been shown beyond doubt that the 
fetus under pressure re -acts as the optimum passenger 
which recent views demand of the mechanism. In the 
course of time opinions have varied regarding the 
pl5sical properties of the fetus. One uses the term 
"opinions" advisedly, as owing to the complex nature 
of the object, the matter has been and is incapable 
of experimental study, and can still only be approach - 
ed by direct observation and by speculation. Here 
again the valid history of the subject is limited to 
the period subsequent to the year 1870, and of 
general views there are not many to record. DUNCAN 
(1875) regards the fetus as a peculiarly modified 
Viscous lss. When. it is propelled, its parts are 
all squeezed together and compressed, and as the head 
is 
is born fluid is pressed, oia,t of the mouth and nest+? ls. 
There is a want of uniformity in the composition of 
the fetus; it contains an elastic beam the spine near 
its posterior surface; and it causes varying degrees 
of resistance in the canal. BARNES (1885) dwells 
upon two properties of the fetus - elasticity and 
ductility. The fetus is very elastic when alive. 
The elasticity compensates for the state cf incom- 
pressibility. A little absoi'zte compression occurs 
through loss of fluid from the head and the expulsion 
of meconiiun from the bowel. Ductility, the other 
prOpirty of the fetus, is according to BARNES a form 
of plasticity. ZWEIFEL (1890) finds the fetus 
neither a formless nor an indefinitely conformable 
mass. On the other side, BARBOUR (1895) holds "The 
old idea of the fetus as a more or less rigid body 
has been displaced by one which emphasizes the 
Plasticity of the fetal mass, the non -rigidity of 
its spine, and the mobility of the head On the 
shoulders." In 1899, BARBOUR describes the head as 
being "plastic within certain limits so that it can 
be moulded, but its size and shape are important 
factors in the second stage. SELLHEIM defines the 
fetus/ 
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fetus (1004) as a soft plient cylindrical body, (1905) 
as incompressible but conformable. In 1907, he 
states "the head is the largest, hardest, and most 
urnyieldi_ng; part of the fetus: yet it has a certain. 
plasticity. The body offers a not insignif c°ent 
degree of resistance. "The fetus is accordingly a 
firm -soft (: festweicher) body which offers moderately 
great resistance to the expulsive forces." In 1912, 
SELLHEIM givres more details. The uterine contents 
are in general, plastic to a certain extent, althoug;h 
they include very unequally plastic parts, r.s.rr,ely, 
the fully plastic waters, the moderately conformable 
soft parts of the fetus, and the as good as uncon- 
formable skeleton. In picturesque phrase " the 
mother models and modifies the fetus, the fetus the 
mother". "Mother and child struggle with one another 
in mutual size . and form-conformability." In the 
event, the greatest volume is lodged under the small- 
est superficial area. of the "slender circular 
cylinder . " HART (1912) describes the fetus shortly 
as "a sluggishly plastic fluid." As in the ex- 
pulsion of the urine and the faeces, the mass is 
fluid or semi -solid, and is capable of elongation 
and expulsion. 
177. 
In its physical properties, the fetus has 
to be considered in all the gradations of state rang- 
ing from that of the living object to that of advanc- 
ed decomposition. At the two ends of the series the 
physical problems are widely different. During life, 
and to a lesser degree before decomposition sets in 
after death, the fetus, like other animals, has a 
form which is definite and characteristic for the 
moment and for the individual. (Into the causes of 
the distinctive form it is not necessary here to in- 
quire.) Further, it is a matter for common obser- 
vation that, if from any cause the fetus is deformed, 
it tends to return in all its parts gradually and 
perhaps completely to its original form. If, how- 
ever, the deformation is produced beyond a limit, a 
breaking or a bending of the body occurs, and the 
return to the original form is Partial or incomplete. 
It is apparent, therefore, that the fetus possesses 
the special property of elasticity, and that it has 
elasticity of shapes though not of bulk. According 
to SIR JAMES THOMSON (1877), e body which possesses 
elasticity of shape in any degree is e solid; if it 
has no elasticityof shape, it is a fluid. And, if 
the deformation of the solid is pushed, so as to 
cause/ 
cause a break, the body is a brittle solid; if a 
bend, then the body is a plastic or ductile solid. 
Both of these events may occur within the body of 
the fetus, so that in parts it is a brittle, and 
in parts a plastic solid; the former parts being the 
bony, and the latter the cartilaginous and imperfect- 
ly ossified membranaceous portions of the skeleton. 
The soft parts contain a large percentage 
of water, and are of a more or less fluid nature. 
They show the property of elasticity, or a return, 
after deformation to their original form, only so 
long as the hard parts are intact. Hence the 
skeleton of the fetus exercises a permanent infltmnca 
over the soft parts, and causes them to behave, in 
some respects, as if they were solid. Even where 
the hard parts are most abundantly covered by soft 
parts, there is a slow but certain return to the 
original shape after the exercise of a pressure 
which has not ruptured the hard parts. Hence, what- 
ever may be the molecular constitution of the fetus, 
as a whole, during life and after death before de- 
composition has set in, the fetus reacts physically 
as ari elastic solid. It is not strictly correct to 
speak/ 
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speak of the fetus in any of its parts as a plastic 
or viscous solid or fluid, unless reference is being 
made to the effects of excessive applications of 
force sufficient to cause injury. Again quoting 
THOMPSON, we find "The word Viscosity when 
solids or heterogeneous semi -solid semi -fluid masses 
are referred toy .... has rather been employed to 
designate a property of slow continual yielding 
through very great, or altogether unlimited extent 
of change of shape, under the action of continued 
. stress. It is in this sense that FORBES, for in- 
stance, has used the word in stating that 'viscous. 
theory of glacial motion' , ... ... ... he and many 
other writers after him have used the words plastic- 
ity and plastic, both with reference to homogeneous 
solids (such as wax or pitch even though also 
brittle, soft metals, etc.) and to heterogeneous 
semi -solid semi -fluid masses (as mud, moist earth, 
mortar, glacial ice, etc), to designate the property 
common to all these cases of experiencing, under 
continued stress, either quite unlimited change of 
shape, or gradually very great change at a diminish- 
ing rate through infinite time. 
In this carefully expressed opinion the 
essential/ 
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essential point, for us, about plasticity or viscos- 
ity is the capacity for unlimited deformation, how- 
ever slowly produced. In relation to the mechanism 
of labour we observe that the limit to deformation 
without injury is reached comparatively early. Hence 
for practical purposes, we return to the definition 
of the living fetus as an elastic solid; there being 
implied in the use of the word elasticity both a 
limited degree of deformation without injury and a 
capacity to return to the original form, when the 
stress is removed, and in the use of the word 
plasticity an unlimited degree of deformation with- 
out injury, and no capacity to recover the original 
form. The resistance of a solid to change, of form 
is measured by its rigidity, and the resulting de- 
formity is called a strain. If the body is perfect- 
ly elastic, the rigidity is measured by the ratio of 
the deforming stress the resulting strain, the 
value being the modulus of elasticity. Usually, an 
appropriate modulus comprehends both rigidity and 
compressibility. That is to say, a strain consists, 
as a rule, both of change of volume and of dis- 
tortion. Ina strain with change of volume (cor- 
Pressibility) the associated pressure is of the 
hydrostatic/ 
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hydrostatic type, while in a strain with distortion 
(which contains rio change of volume) the associated 
pressure is a shearing stress. In the former the 
pressure is distributed equally all over the applied 
surface; in the latter it is locally differentiated 
in a special way. Now, the absolute and the relative 
compressibility of the fetus is vouched for by sever- 
al observers (FrUING 1874, DUNCAN 1875, PERLIS 1879, 
and SELLHEIM 1907, among others) . Fluid may be trans - 
ferred from the head to the body, and possibly vice - 
versa, and from the thorax to the abdomen and back 
again. And the escape of fluid from the mouth and 
nostrils, and of meconium from the bowel may readily 
be observed under appropriate and well known con- 
ditions. On the other hand, the distortions of all 
parts of the fetus in the birth are still more 
evident, on account of their magnitude, and are gen- 
erally admitted to be the principle mechanical 
changes which the fetus undergoes in the course of 
labour. 
Thus we are led to infer that, while the 
Pressure exercised by the uterus on the upper pole 
of the fetus is hydrostatic as long as any quantity 
of liquor alma remains in the uterine cavity, the 
tr an 4;ü s 'it on/ 
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transmission of the pressure through the fetus is 
different partly in degree and partly in order; that 
it continues to a small extent hydrostatic and be- 
comes to a much greater extent a distorting or shear- 
ing stress with differential results, and that, after 
the total escape of the amniotic fluid, the pressure 
of the uterus (a =;nd of the abdomen) is conveyed 
directly to the fetus, and is then, both immediately 
and ultimately, hydrostatic in the least degree, and 
for the most part a shearing stress. 
The preceding sentences refer properly to 
the living fetus and to the fetus after death and 
before decomposition has begun, or advanced far. 
The appearance of decomposition signifies the end of 
somatic life, and with the advance of corruption the 
specific, or characteristic form of the individual 
disappears. For the mechanism of labour, it is not 
necessary to go beyond the penultimate stage in the 
process, when the fetus has been converted into a 
bag of fluid containing disjointed bones. Obviously, 
in. passing from the living fetus to a body in this 
advanced state of decomposition, we would have to 
record a gradual loss of rigidity, that is of re- 
sistance to change of form; of elasticity, that is 
the/ 
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the capacity to recover the original form; and, there 
with, a gradual increase of the mobility of the body, 
that is of the capacity for change of volume. In 
short, we would observe e change from an object hav- 
ing in the main the characters of a solid to an 
object having chiefly the attributes of a fluid. And 
in the transmission of the uterine and abdominal 
powers to the fetus, during the process of decom- 
position we would be led to infer a gradual loss of 
the shearing or differential stress, and a gradual 
gain in hydrostatic pressure, until ultimately the 
pressure was wholly of the hydrostatic type, and 
similar to that produced in the amniotic sac... 
The assumed greatness of a shearing stress, 
as compared with a pressure of the hydrostatic type 
in the transmission of pressure through the fetus, 
does not necessitate return to the direct longitud- 
inal fetal -axis pressure of former days. Ever since 
AHLFELD showed that the fetus at the end of pregnancy 
measured only half the length it has when it is 
straightened (1871) , it has been Morn that the 
second stage progresses, as far as the birth of the 
head by a- straightening and elongation of the fetus 
within the birth canal, with only a small movement 
of/ 
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of the fetus, as a whole, relative to the mother. 
And, as the delivery of the head constitutes, in 
most eases, by far the hardest and longest part of 
the labour, it so happens that the most important 
part of the labour takes place without the necessity 
of any pressure -being exercised through the fundus, 
other than that of maintaining a general resistance. 
The xoTels :(2 of a special pressure is th more un- 
likely in view of the observation of SCFRO DER and 
STRATZ (1886) that, when the head is born, a distance 
of nine centimetres, as a rule, separates the breech 
from ' the fundus, and water and feet are found where 
the breach was before. HART (1897) accounts for this 
phenomenon as being due to a displacement of liquor 
amnii and feet taking place, when the intra-uterine 
pressure falls, and states that expulsion is com- 
pleted by pressure exercised by the powers through 
the water and feet on the fetus. If this explan- 
ation is correct, it may be taken to imply during 
relaxation of the uterus, either a relative increase 
of pressure in the body of the uterus or a relative 
diminution of pressure in the fundal region.' gion (The 
one is a necessary consequence of the other, but each 
may arise independently). If the. internal pressure 
is/ 
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is raised in a rigid tube closed at both ends, the 
tube contracts radially and extends longitudinally, 
and the reverse occurs whenever the pressure is re- 
duced. (Harrasworth Encyclopedia 1906). An analogy 
May be traced here between the behaviour of the tube 
and the action of the uterus. And the conclusion to 
be drawn seems to be that, though the fundus is 
hardened during a pain, it is not moving towards the 
contents as strongly as it might be supposed to do, 
and though it softens during a relaxation, it is 
not moving away as quickly as the explanation demani..a 
The result is that in relation to the rest of the 
uterus the fundal pressure may be relatively, though 
, not absolutely, greater during a relaxation than 
during a pain. Clinical observation, so far as it 
goes, suggests the validity of this impression. In 
the result, the tendency would be rather for the 
mobile fluid to be transferred to the fundal region 
during a pain, and to the surroundings of the fetus 
'during a relaxation. This is borne out in those 
cases where the radial expansion of the uterus dur- 
ing an interval is considerable, and where the fetus 
reassumes more or less its primitive curved form. 
When this happens, there is no option but to believe 
that 
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that the fluid returns partially or completely 
'around the body of the fetus. Another probable 
factor in the displacement upwards of the liquor 
amnia is the gradual retraction upwards of the re- 
traction ring. ROSSA (1900) believes the ring to be 
a sphincter, and the ordinary sequence of events 
which come under clinical observation lend the view 
support. When the membranes rupture, there is 
usually a gush of water. Water thereafter escapes 
repeatedly in smaller quantity during several pains 
(SMELLIE 1752) and then ceases altogether, until the 
child is born when, as SMELLIE observed, there is a 
final rush of amniotic fluid, unless, as sometimes 
happens, it ire retained until efforts are made to 
express the placenta. If, after the early discharges 
have ceased, the hand is introduced into the uterus, 
an escape of water usually occurs, as the hand enters 
into the cavity of the active portion of the uterus. 
The opinion of SMELLIE (1752), RITCHIE (1865), LAHS 
(1877) , NORRIS and DICKINSON (1896) , JELLETT (1905) , 
and others that the head sots as a ball -valve is 
difficult to confirm, after the cervix is fully 
dilated and the head has descended below the plane 
of engagement. It was long ago recorded that, in 
the/ 
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the vagina, there is a space readily admitting the 
fingers on each lateral aspect of the head (SWAYNE 
1893) , while BARBOUR'S statement that the observed 
space in the vagina is (..re tad by the fingers does 
not speak well for the efficiency of the vaginal 
canal as a hindrance to leakages of fluid. These 
circumstances, therefore, indicate the presence of 
a close spincter at a higher level, and the most 
likely situation is where the retraction ring en- 
circles. the body of the .fetus. If that be so, then 
the gradual retraction upwards of the ring will in- 
' evitably favour a displacement of the liquor smnii 
towards the Handel pole of the uterus. The preced- 
ing paragraph extends the mechanism suggested for 
the independent displacement of small parts of the 
uterine contents to explain the displacement of the 
liquor emnii. This displacement is due mainly to 
the constrictive action of the uterus, and possibly 
to the retractive action of the uterus in e lesser 
degree. In all probability, the displacement pro- 
ceeds by degrees with the successive pains, the 
return movements in the intervals never being com- 
pleted to the previous conditions. 
A futher item in connection with the action 
Of/ 
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óf the fundus I have deferred till now, as it is en- 
tirely speculative in origin. If the fundus were 
the cause of the expulsion of the fetus, it would be 
necessary to suppose that the fundus is then strong- 
er than the lateral walls of the uterus: In this 
event it is conceivable that a tendency would develop 
towards partial inversion of the uterus, and also to- 
wards a return of the fetus more or less to its 
primitive curved attitude. The former possibility 
would be injurious, the latter wasteful of power; and 
as any organic meeha.1 sm which ontains obvious dis- 
advantages to the individual is a priori improbable, 
the theory of fundal action stands in need of the 
strongest possible proof, before it can meet with 
acceptance. 
Under the constrictive and retractive 
action of the uterus assisted, it may be, but not 
necessarily, by the constrictive action of the abdom- 
inal nuscles, the fetus is straightened, tistiffened 
partly through its bones ", and elongated, until ulti- 
mately it is converted into a slender cylinder of 
which the bulk is contained under the smallest super- 
ficial area (SELLHEIM l9l2) . Meanwhile and perhaps 
Partly in consequence, any remaining liquor amnii 
together/ 
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together with the lower limbs is removed to the 
fundal region of the uterus. By the time these dis- 
positions are reached, the head is born and the hard- 
est part of the labour is aver. It is ,just possible 
that the head is born without a movement of the fetus 
as a whole, in relation to the mother. In the ab- 
sence of further evidence, it is unwise for reasons 
already given, to assume that the presence of amriiot- 
ie fluid in the fundal region is associated with a 
movement of the fetus, as a whole. Whenever the 
uterine contents are reduced to the most slender 
cylindrical form, several things may happen, if 
pressure is maintained continuously, or intermittent- 
ly. I. The uterus may rupture. When the presenting 
part is resisted permanently or unduly at any level 
in the pelvic canal, the contents continue. to he 
elongated and radially contracted, to an extent 
depending on the height of the obstruction, the 
bulk of the contents, grid the available room within 
the abdomen. The process of retraction of the active 
portion of the uterus may then proceed to such an 
extent that the passive lower uterine senent thins 
excessively and tears. 
2. The presentation may be changed by the 
so- called spontaneous evolution of the fetus, as in 
transverse/ 
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transverse presentations and in casus, where in long - 
itudinal presentations, the head and possibly the 
breech are arrested at the brim. In these cases it 
is probable on mechanical grounds that the evolution 
is set in motion long before the maximum radial con- 
traction has occurred, thvit is, when the fetus is 
still more or less curved and before it is greatly 
compressed. And it is possible the eoival or nearly 
equal elongation of both ends of the cylinder forms 
an essential part of the normal process of radial 
contraction and polar extension of the uterine con- 
tents. Where the resistance to one pole of the fetus 
is excessive or unyielding, the tendency is for the 
one pole to be substituted for the other in the 
uterine effort to produce radial contraction and bi- 
polar extension. As in the case of twins already 
cited, the constrictive and retractive action of the 
uterus seems a more feasible cause or- explanation of 
spontaneous evolution than fetal -axis pressure from 
the fundus. In a complete and unmodified cross - 
birth the theory of fetal -axis pressure from the 
fondus breaks down altogether. 
3. Movement in the direction of least 
resistance may be initiated and completed. This is 
the course of events in the majority of births, and, 
as/ 
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as 91ready noted, it either does not begin or, at arty 
rate, is not greatly dc- veloped, until after the birth 
of the head or the br a l eh, when the greater resist- 
ance to delivery has been removed. on first thoughts, 
it may seem impossible that a purely constrictive 
action should be capable of producing longitudinal 
movement in a given direction. In a closed tube 
equally strong at both ends no such movement is 
possible. The birth canal is, however, o:t: >en at one 
end and closed at the other, and LAWRENTJ:_:`°' found, 
as already noted, that the upper end (the diaphragm 
strictly speaking) has twice the resistant power of 
the lower, while SELLHEIM (1912) has emphasised the 
progressive disparity developed in the strong and 
the weak ends in the course of the birth. When the 
contents of the uterus have been converted into the 
utmost cylindricity of form, the uterus, and also 
the abdominal tube, have by no means reached the 
greatest degree of radial contraction. FOTHERGILL 
(1895) showed that the radial contraction of the 
uterus is approximately four times its degree of 
elongation as measured at the fundus alone. During 
the expulsion of the last portions of the fetal 
contents, the uterus continues to act by constriction 
arid/ 
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and retraction, as it was doing before. The fundus 
sinks then, but the sinking does not appear to be 
.due to a shortening of the active portion of the 
uterus relative to its transverse diameters. More 
probably it is due to the rapid shortening of the 
passive lower uterine segment. There is, of course, 
an actual decrease of all the diameters of the uterus 
but the longitudinal diameter is not reduced propor- 
tionately to the transverse diameters. When, there- 
fore, the contents have reached their maximum degree 
of constriction, no further elongation can take place, 
and, as the uterus and in most cases the abdominal 
muscles go on constricting, the radial pressure which 
up to this time was developing its longitudinal re- 
sultants in both directions now finds one of these 
avenues closed, and it tends inevitably to develop 
a single resultant in the direction of least resist- 
ance - the lower pole. The mechanical conditions 
at this time do not imply a severe strain on the 
maintenance pressure of the fundvs and on that of 
the diaphragm, as the resistance at the lower end of 
the canal is already low. Probably, the accommod- 
ation of the remaining liouor axnxnii at the fundus, 
when it is present, favours the development of this 
resultant/ 
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resultant, as being fluid it. permits of greater con- 
striction of the uterus behind the fetus, and in 
cases where the fluid is absent, the strength of the 
resultant progresses rapidly, once the uterus is able 
to obliterate its cavity by constriction behind the 
fetus. In practice, at this stage the voluntary 
action of the reeti abdominis is most efficient in 
hastening the final expulsion of, the fetus, partly by, 
contraction in their whole length and partly by their' 
upper parts being stronger than the lower (L WRENTJI.M 
And when the head is the presenting part, the radial 
measures of the fetal body diminish from below up- 
wards, and possibly assist expulsion by a wedge -like 
action. And as the radial diameters of the.fetal 
body diminish from the shoulders to the breech, the 
final expulsion of the body in a case of head present- 
ation may be assisted by the wedge -like reaction of 
the body of the fetus. In breech presentations the 
frequent slowness of the labour has been attributed 
to a relative inefficiency of the breech as a dila- 
tor. In addition, however, the delay may be due to 
the wedge -form of the body being reversed., so as to 
present diameters that grow successively larger. 
Frozen sections, provided they are ad- 
mitted to represent the conditions of life, as I 
expect 
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expect here they do, confirm rather than otherwise 
the views developed in this section on the importance 
of the constrictive action of the utrtrus, as opposed 
to a special ftridal action. In BRAlNE' S second 
stage section, in which rotation is not ended, the 
active portion of the uterus has approximately the 
same length as the activo portion of the uterus in 
BENOKISER'S section from the end of the third stage. 
The posy_ :onerelative to the maternal eddy in each 
case, however, are different. In BRAtL 'S section 
the active portion extends from the promontory to 
the top of the third lumbar vertebra; in BENOKISER'S 
the active portion is nearly the depth of a vertebral 
body lower down. In the section by ZWEIFEL, and in 
which the head is born, the active portion ef the 
uterus is rather longer than is that of BRAIT t 
It extends over three and a half vertebrae, namely, 
the fourth, third, and second vertebrae, and half of 
thev first vertebra, so that it lies at a still highs" 
level. In this section the fetus appears to have 
reached its greatest degree of elongation, and the 
feet are extended above the breech. Above the feet 
the Handal portion of the uterus, as seen in mescal 
section, is triangular in shape, produced to a sharp 
Point/ 
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point, and solid throughout fora distance equal to 
that from the middle of the third vertebral body . to 
the middle of the first. The antero- posterior dia- 
meters of the cavity of the uterus diminish quickly 
from the level of the retraction ring to the topost 
limit, that is, throughout the active portion of the 
uterus. In BENCKISER'S section, already referred to, 
the cavity as seen mesially is represented by a 
narrow longitudinal slit, extending nearly the whole 
length of the active portion of the uterus. In a 
section made by WEBSTER from a woman immediately 
after delivery, the length of the active portion of 
the uterus is nearly the same as that in BENCKISER' S 
section. So also is the length of the cavity, but 
it is more open than in the latter section. In both 
WEBSTER' S and £'f KI SER' S sections the thickness of 
the fundal wall, between the topmost limit of the 
cavity and the external surface, is only about half 
that of either the anterior or the posterior wall. 
These data, then, speak for the constrictive and re- 
tractive action of the uterus, and not for the 
special activity of the fundus. They indicate that 
the fundus is weaker than the lateral walls, and 
that the actual shortening of the active portion of. 
the 
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the uterus on the final expulsion of the contents is 
much less than might be supposed, and indeed is so 
small as to render a special expulsive act of the 
fondus improbable. 
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ä'. 8. Seeing that the uterus in a state of con- 
traction approaches to the cylindrical :°orm, that it 
has an upper strong end and a lower wee,. end, and 
that the intra.,terine pressure is, at least, potent- 
ially hydrostatic, it follows that a line drawn along 
the central axis of the uterine cavity will represent 
with considerable accuracy the r.ositïon ana direction 
of the sum of all. the pressur ;within the uterus. 
This line, if prolonged, will intersect the circle 
of the more or less dilated os, and also more general- 
ly the circle of the girdle of resist nee, in each 
case through its centre. This centre point is con- 
veniently known as the centre of pressure. If, now, 
it can he shown that the centre of prestzre is also 
situated, in all cases and at all times, at the 
centre of the greatest circle of the presenting part, 
then the study of the direction of uterine pressure 
relative to the pelvic canal becomes a matter of no 
practical importance for the theory of internal ro- 
tation. If, on the other hand, the centre of press- 
ure is found to be sometimes, even if not always, 
Placed ec entrieally in the greatest circle of the 
presenting part, then the direction of uterine press- 
ure :1 i those cases, in which the centre of. Pressure 
3Tìfle;,rically placed in the greatest circle of 
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the presenting part, will influence the direction of 
internal rotation in a determinate way, and its 
estimation, relative to the pelvic canal, becomes a 
necessity for the theory of internal rotation. Ths 
proof of the variable position of the centre of 
pressure in the greatest circle of the presenting 
part will be given in the next section. At present 
I anticipate the conclusions of that section by stat- 
ing that the centre of pressure not only nerd not be 
concentric in the pre enting part, but is frequently 
ecc -:Atria and this 'ccr),tricity, so far from being 
irregular, is a part of the essential conditions of 
normal labour. From these primary considerations we 
turn to the determination of the direction of uterine 
Pressure, or uterine -axis pressure as it is often 
called. 
The direction of uterine-axis pressure has 
been, and is still, assumed by the majority of 
obstetricians to be at right angles to the plane of 
the .inlet, by which I think they mean the plane of 
the conjugata vera, though in many pelves the plane 
of the true conjugate and the plane of the brim, 
Properly so called, are not coincident. It 
e°,ands 
as an acceptable probability on the assumption that 
the upper portion of the pelvic canal is approximate -- 
ly/ 
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approximately cylindrical, and that the axis of the 
upper portion of the canal intersects the plane of 
the inlet at a right angle. These views necessitate 
a strict adherence to the belief that the axis of 
uterine pressure, must invariably coincide with a 
-perpendicular let fall on the plane of the inlet and 
with the axis of the upper portion of the canal, for, 
given a dev ration of tole uterine axis from the pelvic 
axis, the delay to advance is then proportic.TP.i 
the cosine of the angle of deviation, and the amount 
of additional force wasted on the walls of the canal 
is equal to the product of the force and the sine of 
the same angle (GALABIN and BLACKER 1910). The state - 
ment, when taken by itself, is without doubt correct. 
It is in the application of the two fundamental pro- 
positions to the human body that doubts arise. It 
has not been shown that the upper portion of the 
pelvic (lanai may he rc ga cded as cylindrical for prac- 
tical purposes ,and. even if this supposition is correct, 
it has not been proved that the axis of the upper 
portion FR f. the canal cuts the plane of the brim at a 
right angle. 
Tile problem in the present thesis is con - 
fined to tue determination of the direction of uter- 
ine/ 
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uterine pressure in the expulsive stage, which occurs 
normally when the presenting part is in that portion 
of the pelvic canal extending from the lower margin 
of the upper part of the superior moiety of the 
canal to the vulvar outlet, four, as a rule, the 
upper part of the superior portion is traversed by 
the presenting part during pregnancy, or in the first 
stage of labour. In those cases in which engagement 
is delayed until the expulsive stage has begun it 
does not appear that the mechanism of entry, includ- 
ing the direction of uterine pressure, has any per- 
manent effect on the position of the presenting part, 
except possibly in cases of antero- posterior presen- 
tations. In the section on Internal Rotation it will 
be argued that the direction of rotation is finally 
determined by the direction of uterine pressure,when 
the presenting part is below the upper part of the 
superior portion of the canal, so that in all cases 
with the possible exception just mentioned we are 
concerned with the relation of the direction of pres- 
sure to the lower part of the pelvic canal. For a 
comparative: standard to which to refer the direction 
of uterine pressure, the pelvic floor or the outlet 
of the bony and ligamentous canal would be the most 
Perfect. But there are great difficulties in the 
way/ 
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way of defining the mechanically operative parts, 
and of determining their inclination to the horizon. 
Hence it is still most convenient to refer the 
direction of uterine pressure to the conjugate- vera, 
even though during the most critical period of the 
labour the conjugate vera is not concerned in the 
mechanism. 
I. fICULIE ( 1752) states that the os uteri 
is usually to be found in astral. ht line with the 
fundus and a point midway between the umbilicus and 
the ensiform cartilage. (i. 304) . (Cf. also I. 69, 
on DEVENTER' ̂  views) . This remark seems to be the 
foundation for the assertion of SCHATZ (1870) and 
DUNCAN (1875) that -ELLIE held the direction of 
uterine pressure to be inclined behind the axis of 
the inlet, though DESSAIGNES (1894) and VARNIER (1900) 
hold that 5Wi ILLIE (with the aid of CAMPER) figured 
a posterior inclination of the axis. It would appear 
however, that SM: LLIE' S idea was that in this position 
the axis of the uterus, if prolonged, would fall 
through the middle of the pelvis. He seems to have 
had only vague notions about the inclination of the 
brim, or the cJi.rrectien of a pelvic axis, and could 
not be expected to attempt an exact estimation of the 
relations of the uterine -axis pressure to the pelvic, 
even/ 
even if he had realised the possibility, or the 
value of doing so with the exactness now demanded. 
A perusal of the history of the subject given by 
VARNIER rather supports this opinion. Some of the 
older writers did not trouble to make their pictures 
tally with their descriptions, and those of their 
drawings which VARNIER reproduces are so crude, that 
they can hardly be handed in at the present day as 
evidence of the direction of uterine pressure. 
GUILLEMOT (1837), KIVIISCH (1846), and 
SPEIGEL]3ERC (1867) consider the expulsive powers to 
drive the head against the anterior wall of the 
pelvis, and hence to act downwards and. forwards. 
KIVIISCH gives as factors the force of gravity, the 
position of the anterior abdominal wall, the direct- 
ion of the expulsive powers ep ecial y the abdominal, 
the position of the child's body, ana the projection 
of the promontory. In accepting the forward as well 
as downward direction of the expulsive powers, 
KIV'ISCH is only adting consistently with his anatomi- 
cal view of the pelvic canal, in which the most 
important item is the want of coincidence c f the 
axis of the inlet with the axis of the upper portion 
of the canal, the latter being inclined downwards 
and forwards relative to the brins, and being more 
ire crtant; 
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important mechanically than the former. KIWISCH' S 
description of the pelvic; canal has already been 
detailed. (vide Section I. ). 
II. SCHULTZE (1858) sustained the view that 
uterine axis pressure is normally inclined obliquely 
to the plane of the inlet, so that the axis falls in 
the region of the anus, and he believed perhaps with - 
cut sufficient reason that, whenever the inclination 
of the canal is greater than the normal, the axis of 
uterine pressure falls anteriorly to the anus. 
SCHULTZE Was acute enough to see that the direction 
of a force cannot he chzanged, a fact which DUNCAN 
(1265) emphasised in another connection, and SCHULTZE 
sought a cause for the observed change of direction 
of the head in the bend forwards of the sacrum and 
ligaments, the corollary being that the more the head 
is directed forwards the further hack is uterine 
pressure applied to it. He further inferred that the 
more obliquely uterine pressure strikes the pelvic 
floor, the less the floor is strained., - an observa- 
tion, the truth of which my experiments seem to con- 
firm. In 1867 and again in 1908, SCHULTZE repeated 
his views on the direction of uterine axis pressure, 
and detailed his experiments in the dead body to 
determine the effect of extending the limnbar spine 
on/ 
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on the direction of pressure. His conclusions are 
that extension of the spine favours oblique action 
of the uterus, the more oblique is the line of action 
the less pressure is lost in any part of the canal, 
and more generally the direction of pressure changes 
with the posture of the woman in labour. The last 
remark was made in reply to BU2IE (1905) whom SCHULTZE 
quotes that the direction of pressure is not affect- 
ed by the position of the woman, but always tends to- 
wards the area of least resistance. SAMUEL (1908) 
takes a similar view to SCHULTZE that the direction 
of pressure is obliquely inclined when the lumbar 
spine is extended. 
III. Another method employed by SCHULTZE 
was to take profile drawings of the woman in late 
pregnancy and early labour. The ,,c tti.on of the 
pubO- spinal level was determined, as well as its 
angular distance from the brim of the pelvis, and 
marked, on each chart, together with the position of 
the fondus. From the charts conclusions were drawn 
regarding the relation of the axis of the uterus to 
the plane of the brim, Obviously, these conclusions 
cannot be permitted to apply to the condition of 
affairs in the second stage: KUSTNER' S (1885) and 
SEIGNEUX' S (1901) experiments which were similar 
in/ 
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in principle and differed only in detail need hot be 
referred to more fully for a similar reason. DUNCAN 
(1875) in raising objections to the obliquity of 
uterine -axis pressure, argued against SCHULTZE that 
the fetus fully occupies the canal, it has a nearly 
uniform. consistence (which in view of his other 
statements is a trifle sophistical), and therefore a 
change in the direction of uterine pressure can have 
no effect on the mechanism. The main objection to 
SCHULTZE'S views appears, however, to be that he 
boldly transferred the results of experiments in the 
dead and in late pregnancy or early labour to the 
second stage. KUSTER and de SEIGNEUX did not go 
beyond their data, and therefore do not come under 
criticism. But if the profile method Is to yield 
further results, the difficulties of its application 
to the second stage must be overcome, and its techni- 
cal details must be improved. OLSHAUSEN (1870) also 
determined the direction of uterine -axis. pressure in 
late pregnancy, and appears to have taken the view 
that the uterine axis is normally inclined forwards 
from the axis of the brim, in direct opposition to the 
opinions just recorded. So far as it goes, this 
does not matter. But, OLSHAUSEN goes on to say that 
the appearances of the child's head after birth are 
a/ 
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a strong argument for the anterior inclination of 
the uterine axis which h.e, therefore, evidently 
believed to continue so in the second stage. De 
SEICNEUX (1901) quotes the results of similar invest - 
igations made by MARTIN and KRE IS, and apparently 
till then unpublished. The sources of error in- 
separable from this mode of deduction will be 
enumerated in Section 4. They appear to me of suffi- 
cient importance to render the method of little or 
no value. 
IV. A study of the exact mode cf presenta- 
tion of the head has been used to fix the direction 
of uterine axis pressure, the ;priteria . `'ein.g the 
position of the sagittal suture relative to the 
successive planes of the pelvis, and in practice 
the relative degree. of advance of one or other pax 
.heal eminence. So far as I am aware, evidence has 
been led only on the disposition of the parts during 
the mechanism of engagement, and confusion has 
aria.en through attempts being made to compare the 
observations taken from normal pelves with those 
from contracted pelves. Ill the former engagement is 
generally a phenomenon of late pregnancy, or the 
first stage, in the latter entry is usually though 
not always effected during the expulsive period. 
The/ 
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The complexes of factors in the two groups are thus 
more or less different. In the first or normal 
groups the investigations have been made chiefly by 
de SEIGNEUX in 1896 and again in 1901, by FARABEUF 
(1885) who showed by experiment that the head engaged 
more easily with a posterior obliquity, and by 
PINAPD and VARNIER (1892). The last authors state 
that 0.3ELLIE described a posterior pTsrietal entry 
which is corrected on engagement. While SMELLIE gives 
a desci'l.ption of what is to all appea:4anee NAEGELF 
obliquity. I have been unable to discover anything 
which will bear the interpretation which PINARD and 
VARNIER give. These authors postulate a posterior 
obliquity of t3°y . head {`Inly during engagement. They 
distinctly state that at the end of engagement the 
deviation is corrected, and does not exist during 
the expulsive stage. De SEIGNEUX appears to take a 
similar view. 
In the second or abnormal groups, MICHAELIS 
(1851), LITZMANN (1870, 1871, 1872), VEIT (1879), 
GOENNER (1894), FARABEUF (1894), PAZZI (1895), and 
many others have described the lateral obliquities 
occurring during engagement, but it does not appear 
that any one of them was led thereby to infer the 
direction of uterine pressure, as others have tried 
to/ 
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to do. The remarks made in connection with OLSHAUS- 
EN' S deductions apply equally well here and, in 
addition, the disposition of the parts may be, and 
often is, complicated by the occurrence of flexions 
of the uterus and independent lateral flexions of the 
fetus to an extent, sufficient to render.the evidence 
derived from this mode of enquiry of no value at all 
for the determination of the direction of uterine 
pressure, more especially in the second or expulsive 
stage. 
V. KÜNECKE (1860) based his conclusions on 
foundation composed of assumptions. He assumed the 
normal inclination of the brim to óe.600, and the 
normal inclination of the uterine axis to the horizon 
to be 300. He projected lines to represent the brim 
and the uterine axis, and then proceeded to show that, 
íf the lower and anterior end of the former is joined 
to the lower and posterior end of the latter by a 
line drawn to represent the horizon, a triangle is 
formed, of which the two lower angles together form a 
right angle. The third angle must then he rectangular 
and it is the angle which the uterine axis makes with 
the plane of the brim, hence the direction of uterine 
pressure is perpendicular to the plane of the inlet. 
It/ 
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It cannot he said that KUNECKE'S determination is a 
valuable contribution to the problem. But, in fair- 
ness to the author it must be said that, in 1869,the 
variations of pelvic inclination, and of the uterine 
axis were not so well grounded as they were a few 
.t 
years later. Possibly, KUNECKE intended only an 
ideal construction4 in which case it ought not to 
have served as the basis of a wide generalisation. 
VI. The value of evidence, derived from 
post -mortem examinations and from frozen sections, 
depends chiefly on the extent to which these prepar- 
ations represent the conditions of life. This 
problem h -is occasioned much controversy. In the 
earlier days of frozen sections, there was a tenden- 
cy to believe that they reproduced the living state 
with no material alterations, in spite of the warn- 
ings of anatomists and others who had no theories 
relative to the direction of uterine pressure. The 
anatomical plates of HUNTER (1773) and of SMELLIE 
(1764) (VARNIER 1900) and the reproductions of 
frozen seetiors from late pregnancy and from labour 
show the uterus inclined backwards from the inlet, 
that is in a condition of retroversion. And on 
these appeararces, PINARD and VAR1IER (1892) based 
their chief argument for posterior parietal entry, 
though already SCHROEDER (1886) ,STRATZ (1886) ,and 
BRAULE/ 
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BRAUNE (1890) had maintained that the retroverted 
appearance of the uterus was a condition or a con- 
sequence of death, while J3ARBOUR ?roved that it is 
not due entirely to the circumstance of the body 
being manipulated in the dorsal horizontal position, 
for $n a body frozen in the erect attitude retro- 
version was present. The writers just quoted, held 
that in life the uterus is in a position of relative 
aáteversion, if not all the tLre, at least certain - 
ly during a uterine contraction; and I think the 
majority of later authors have agreed with their 
conclusions which, of course, are necessarily found- 
ed on general evidence. As to the cause of the an- 
t eversion therm is still however, room for doubt. 
Like PINARD and VARNIER, BARNES in 1883 advocated 
the retroversion of the uterus on sectional evidence 
in primiparae, though he admitted that anteversion 
probably occurred in multiparae. In 1885, BARNES 
developed his mechanism of a lumb a- sacral curve in 
conjunction with the curve of CARVE, on the evidence 
of froaen sections. DOORMAN (1895) appears to have 
accepted the sectional appearances as valid before 
the pains begin, the uterus being bent and moulded 
on the spine during the engagement of the head. De 
SEIGNEUX (1901) has summed up some of these views 
and/ 
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and others as well. And in spite of the fact that 
frozen sections appear strongly to support his views 
on posterior deviation of the uterine axis during 
engagement, de SEIGNEUX considers the sections of no 
value for his purpose, chiefly on the grounds that 
the mobiï.ity of the uterus is quickly recognised 
clinically during life, and similar movements cannot 
safely he excluded from occurrence either during the 
process of death, or during the freezing of the body - 
an . rp ment which appears to he equally valid for the 
second stage. 
VII. RITGEN (1855) observed that the dia- 
phrapm is fixed in position during the time of a 
uterine contraction by the holding of the breath, and 
he inferred that intra abdominal pressure is directed 
at right angles to the perineum, so as to hinder ro- 
tation, hut the curve of the canal trending forwards 
helps to overcome this difficulty. TYLER SMITH (1858) 
who believed uterine pressure to be most efficient 
during the first stage, when it is directed at right 
angles to the plane of the inlet, states that during 
the second stage the direction of pressure is changed 
by the addition of abdominal pressure, and is then 
inclined downwards and forwards towards the outlet of 
the canal. After referring to excessive anteversion 
and 
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and retroversion of the uterus as causes of delay, he 
remarks that the woman in labour moves herself in- 
stinctively use as to throw the axis of the uterus 
into the axis of the canal ". HODGE (1864) took 
rather a one -sided view of the resultant of abdominal 
action. When the uterus contracts, it is driven for- 
ward by the abdominal Muscles and by the diaphragm 
acting through the liver, this special pressure being 
increased by the woman in labour bending forwards. 
In effect, the axis of uterine pressure is brought 
into the axis of the inlet, th.s implying a pre - 
existing condition of retroversion of the uterus. 
And, when the head is in the outlet of the vagina, 
the antra -abdominal pressure is still acting in the 
axis of the inlet. KEHRER (1884) who, as already 
observed, attached most importance to the action of 
the direct abdominal muscles nave the outlet as the 
direction of the resultant force. According to 
SCHATZ (1870) the axis of uterine pressure is per- 
pendicular to the inlet at the beginning of tabou2, 
but it moves back later, owing mainly to the action 
of the abdominal muscles. The uterus appears to be 
regarded as a rigid system during contraction and its 
axis as being intrinsically constant, while its 
direction/ 
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diredtion can be modified by the Ration of the ab- 
dominal muscles and the diaphragm. The lateral ab- 
dominal muscles act equally in opposition and are 
therefore ruled out, the diaphragm acts parallel to 
the spinal column, while the anterior muscles act 
horizontally backwards. The resultant is inclined 
at 45° to the horizon and, at 100g to the plane of the 
inlet, the latter being evidently taken as a constant 
o 
at 55 to the horizon. Hence, the axis of uterine 
pressure is inclined 10° behind the axis of the in- 
let in the second stage. This view of abdominal 
action is incomplete in several ways, and it by no 
means warranted the assurance with which SCHATZ put 
forward the resultant. LESSHAFT had already expressed 
a different Opinion on the action of the diaphragm- 
that it acts downwards and forwards (LAWRENTJEFF 3285) 
and as regards the combined abdominal action later 
writers arrived at a different conclusion. SAPPEY 
(1876) drew the resultant from the navel to the sacre - 
coccygeal articulation, a line corresponding in most 
cases to the axis of the inlet. LAWRENTJEFr (1885) 
from his careful analysis of the individual muscles 
making up the abdominal combination, atrte'd at a 
similar resultant, that i , one perpendicular to-the 
Plane/ 
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plane of the inlet. The diaphragm acts downwards 
and forwards at an angle of 470 to the vertical line 
passing through the centre of the diaphragm. The 
anterior wall of the abdomen acts downwards and back- 
wards because the upper portion is stronger than the 
lower - at an angle of 84c' to the vertical. The 
final resultant is then directed at an angle of 890 
to the plane of the brim. The lateral walls of the 
abdomen act in direct opposition to one another and 
their force is exploited in the horizontal diameter 
of the abdominal cavity and ultimately elopended in 
its long diameter, thus reinforcing the resultant 
of the direct muscles. SCHMIDT ( 1893) criticises 
the resultant of LAWRENTJEFF, on the ground that 
there is no true antagonism between the anterior and 
posterior groups of abdominal muscles, owing to the 
presence of the spinal column. Contraction of t e 
muscles, according to SCHMIDT, raises the general. 
contents pressure in the line of the long axis of 
the abdomen and forces the uterus and its contents 
backwards, the movement being greatest at the fundus. 
LAWRENTJEFF in determining his resultants, if I take 
his meaning correctly, did not divide the broad 
muscles into anterior and posterior groups, but into 
lateral groups, a right and a left, and he placed 
the 
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the resultant in the horizontal diameter of the 
cavity. There is, however, a difference in the 
activities of the anterior and posterior portions of 
each lateral group, and the difference ought to be 
taken into account for the resultant. The posterior 
portion, being close to and intimately connected 
with the spine, has a limited range of movement. In 
the beginning of an abdominal contraction, it is 
forced backwards to some extent, and then exercises 
a kind of passive resistance during the remainder of 
the general contraction. The anterior portion has 
a greater range of movement, and moves strongly back- 
wards, along with the recti muscles, during the earl - 
der part of an ' &bdominal contraction, and then main- 
tains itseil in a state of tonic contraction during 
the rest of the "pain ". Hence, the resultant of the 
lateral groups of muscles extending on each side 
from the margin of the recti in front to the margin 
of the spine behind appears not simply to `r).¡ direct- 
ed inwards in the horizontal diameter of the cavity, 
but to he also inclined backwards, with an ultimate 
reßult'I t in a line running downwards and forwards 
towards the axis of the inlet, which would he main - 
tained so during the persistence of the tonic con- 
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contraction of the abdominal muscles. Fven if the 
calculation of the directions of the individual 
resultants be reasonably possible, there still re- 
mains the problem of the direction of the ultimate 
resultant compounded of the other ÿ, the greatest 
difficulty in the determination of which being to 
make reasonably accurate allowances fer the relative 
strengths of the several grouPs of muscles. LAVrHENT- 
JEFF made an allowance, in the calculation of his 
resultant, for the unequal powers of the diaphragm 
and the anterior wall of the abdomen, but, even in 
this simple form and where an error of say 50 may 
alter our conception of the mechanism, it cannot be 
said that the method of making the allowance is 
sufficiently precise. Addition of the other primary 
resultants, with allowances for relative strength 
by the same method, will not make the final result- 
ant anyway nearer the truth. Lastly, we reach that 
general source of erroneous conclusions - thn 
assumption of a constant angular inclination of the 
plane of the brim. It will thus be seen that the 
determination of the resultant of abdominal pressure 
promising though it looks at first, holds out -ao 
more hope of fixing the direction i.on of uterine -axis 





In the course of time many opinions have 
been founded on clinical observation and have been 
given expression. Necessarily they are vague, being 
mostly confined to general estimations in such terms 
as rettoversion, anteversion, and coincidence of the 
uterine axis with the axis of the brim. Most have 
accepted the view that uterine -axis pressure is co- 
incident with the axis of the brim. VELPEAU (1835) 
held the uterus to erect itself, during a pain, into 
the axis of the brim. 'WEST (1857), LEISHI:IAN (1864), 
TARNIER (1865) , DUNCAN (1868, 1875), HEGAR (1870), 
LAHS (1870) OLSHAUSEN and VEIT (1893) SCHMIDT (1893) 
BARBOUR (1895) de SEIGNEUx (1901), and others argued 
in favour of coincidence of the uterine axis with the 
axis of the inlet, while TYLER SMITH (1858) PARVIN 
(1895) and BARBOUR (1899) conclude the uterine 
axis coincides with the axis of the upper pelvic 
cavity, or with the axis of the bony pelvis, Arte- 
version was held to be normal by FA`{ABEUF and VARNIER 
(1891), by OLSHAUSEN (1870), and, at least in the 
first stage, by FRITSCH (1894). Retroversion was 
defended by TYLER SMITH (1858), BARNES (1885), 
DEMELIN ( 103, 1904), BERTHAUT (1908), and GALABIN 
and/ 
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and BLACKER (1910). DEMELIN and BERTHAUT believed 
the fetus to be propelled downwards and forwards, 
especially when the parturient woman lies in the 
dorsal position; and GALABIN ends with the con- 
clusion that uterine axis pressure is, on the whole, 
inclined behind the axis of the inlet. Changeability 
in the direction of uterine pressure is considered 
by CASEAUX (1868) and by FRITSCH (1875)- to render 
exact estimation of the direction impossible, though 
CASEAUX considers the direction to become more 
oblique and more active, as the labour proceeds. 
FRITSCH finds the endless variety of uterine direct - 
ion to be due largely to variations of pelvic in- 
clination, and to variations in the position of the 
vertebral column and of the lower limbs, but he 
decided in 1894 for anteversion. GARRIGUES (1902) 
and FA}3RE (1910) believe retrovereion to be normal 
in primiparae and anteversion in multiparae. 
As might be expected, the clinical method 
Ma given rise to a diversity of views amongst 
obstetricians, and in the case of sonne observers at 
Least their opinions have fluctuated in the course 
of time. Clinical observation, then, has little or 
no value, except to reveal t e trend of opinion. It 
has not even been able to say definitely anteversion 
ret rov ersion/ 
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retroversion, or coincidence. 
IX. 
The use of the Roengten rays to obtain a 
profile photograph of the parturient woman has also 
to be considered, more perhaps with reference to the 
future than the present. Be SEIGNEUR (1901) states 
that the rays have not given satisfactory results 
during pregnancy. In labour a serious difficulty 
remains for the present in the length of exposure 
which is required, and it seems that a distinct 
shadow of the pelvic bones cannot be obtained, ex- 
cept when the woman is laid in the prone position. 
(FABRE 1910) . These are imperfections which will 
no doubt be overcome. 
31'9. While it is impossible with the methods 
so far employed to determine with precision, at any 
period of labour, the direction of uterine pres:yure, 
'it i.s important, nevertheless, to examine the 
evidence relating to the phenomena which take place 
during a "pain_", and more especially as to the 
axial changes which are believed by many to occur 
during a let erine contraction. The problem is the 
manner in which the uterus operates relative to the 
pelvis and the pelvic floor. And as the sequence 
of events from the correction of an extreme example 
of/ 
of anteversion, such as MICHAELIS remarked in 1851, 
to the complete engagement of the lower pole (in the 
tense of VARNIER) may be delayed till the expulsive 
stage, it is necessary to inû1w1.e as well the mechan- 
ism of engagement under the expulsive powers. For 
practical purposes, we may rank the phenomena in two 
grades of the same state -.the correction of patho- 
logical anteversion, and the mode and direction of 
action of the powers after engagement is complete. 
The uterus is anchored "ringwi.se within 
the pelvis, partly by the vagina and surrounding 
tissues, and partly by ligaments of which the most 
important are the paired round and broad ligaments. 
HOMBURGER (1885) states the former to hypertroi by 
during pregnancy and to begin contracting weeks be- 
fore labour pains are manifest. Most writers con - 
sider the round ligaments to pull the fondus for- 
wards, and the broad ligaments to pull the cervix 
backwards during a contraction. TARNIER (1882 ) 
records that the erection of the uterus by the action 
of the round ligaments has been verified in animals. 
Whether the action of the round ligaments in the 
human subject can be safely inferred from the observ- 
ed facts in the lower animals is not evident. 
AHLFEI (1903) , in discussing the data derived from 
inspection¡ 
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inspection at CAESAREAN sections, states that the 
round ligaments contract and pull the uterus down - 
wards and f orwards, but it does not follow from this 
that they are able to do so, when the abdominal 
walls are active. Notwithstanding the views ante- 
cedent to his time, HOMBURGER considered the ante- 
parturition contraction of the round ligaments to 
effect the engagement of the lower pole of the 
uterus within the pelvic canal before labour. It 
would appear, however, that the unresisted action of 
the large and the round ligaments while tending to 
approach the uterine body to its attachments, would 
more quickly produce a condition of anteversion. 
Hence it becomes necessary to seek another factor or 
other factors, and the most apparent factor is the 
temperate resistance of the abdomial walls, when it 
is present. The combination of the resultants of 
the actions of the ligaments and of the resistance 
cf trie abdominal walls may favour an ultimate direct- 
ion coinciding with that of the upper portion of the 
Pelvic canal. But, it is necessary to think of the 
absence of abdominal resistance, and also of less 
evident possible factors contributing towards the 
resultant engagement. One of ther e is the force of. 
gravity. In the presence of normal abdominal re- 
sistance, it may operate, as to the round ligaments 
ante 
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and regardless of the position of the body, provided 
it is more or less upright. On the other hand, want- 
ing abdominal resistance and in the erect attitude, 
gravity would obviously favour anteversion, but the 
difficulty may be, and probibiy is, overcome by the 
excessively erect attitude of multiparae, and by the 
flexed or cowering attitude of primiparae, both 
being dependent, to a great extent, on the position 
of the centre of gravity ( EuN 1.T 1868) ; that is on 
the relative situation of the uterus anterior to the 
appearance of effective contractions in the ligaments 
and anterior to the "active dilation" of the pelvic 
canal (TARNIER 1882) . The possibility of the action 
of gravity in the process of engagement is, I suppose 
beyond question; the measure of its effect however, 
is open to discussion. Perhaps it is alone capable 
of producing engagement, when it is associated with 
a condition of extreme eutocia; hut, so long as the 
gravid woman is going about, its force will always 
be added to that of the other factors. In passing, 
I have mentioned one of the secondary factors,- the 
active dilation of the pelvic canal, on which 
TARNIER has insisted. There can be no doubt that 
tris possibly reflex dilation does precede the 
descent of the uterus and the presenting part, at 
least as far as the floor of the pelvis, and by 
diminishing/ 
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diminishing resistance it must favour the operation 
of the comparatively light forces of engagement. 
Given a greater or lesser degree of pendulous belly, 
the factors just mentioned may he sufficient to pro- 
cure engagement, in spite of the great stretching to 
which the attachments of the uterus have been sub - 
jected. There is implied, above all, a certain 
amount of resistance remaining in the abdominal walls 
otherwise, it is difficult to escape the view that 
the contraction of the ligaments, in the absence of 
abdominal resistance, will increase rather than 
diminish the excessive ante -version. The difficulty 
of engagement may be overcome in still another way - 
by excessively inclining the pelvis, until the plane 
of the brim approaches more or less nearly to the 
vertical (LOBSTEIN (q. by PARVIN 1895) showed it to 
be possible) . This was KIWISCH'S view. KI TISCH 
(1846) held it easier to adapt the inclination of 
the brim than that of the uterus in a case of pen- 
dulous belly. In dwarfs, in whom the vertical depth 
of the abdomen is not sufficient to accommodate the 
uterus, excessive inclination of the pelvis is a 
necessary preliminary to the t i'od »ction of engage- 
ment (TYLT±P :WITH 1858). In the opposite condition 
Of excessive retroversion, with arrest of the pre - 
senting part on the upper border of the pubis, PARVIN 
(1895)/ 
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(1895) has shown that posturing of the pregnant 
woman, so as to make the inclination of the brim 
more horizontal than l.t is normally, may cause the 
lower pole of the fetus and the uterus to slip off 
the paris, ano. enter the pelvic canal.. If these 
naturally aroused measures fail during pregnancy, 
then engagement is delayed until the first, or even 
the second stage, and, as will he shown in the 
sequel, the rnechalism of engagement during labour 
differs in many respects from that which is supposed 
to occur during pregnancy. 
If the lower pole of the uterus a'td the pre - 
senting part are engaged in the pelvis and labour is 
in progress, we have to consider how the uterus 
directs itself during a pain, more especially during 
the second stage. Most writers (VELPEAU 1835, HODGE 
1864, REGAR 1870, OLSHATIEN 1870, TARNIER 1882, 
WINCKEL 1887, TVEIFúL 1893, DESSAIGNES and LEFAGE 
1894, PARVIN 1895, :BAMOUE U1(i 1899, VARNIER 
1900, AHLFELD 1903, JELLET'T 1905, GALABIN and BLACT(m 
1910 and others) have expressed the opinion that the 
uterus comes forwards during a pain, as compared 
with its position during; an interval, but they differ 
as to the cause. Most regard it as due to the con - 
trartion of the round ligaments alone, or to the 
contraction/ 
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contraction of both the large and round ligaments. 
But HODGE, as it has been already noted, attributes 
it to the pressure of the abdominal walls and of the 
diaphragm, acting through the liver, while GALA33IN 
finds the cause in the combined action of the dia- 
phragm and the round ligaments; and. de SEIGTNEU= ( 1901) 
though he considers the various postures and k esstres 
to change the direction of the axis, leaves the final 
control to the contraction of the abdominal muscles. 
This aspect of the problem leads insensibly to the 
opposing views of older authors. SCHATZ (1870) held 
the abdominal muscles to be far more powerful than 
the ligaments and to force back the uterus against 
the spine, in spite of the contraction of the round 
ligaments. This is also the msehanism SCHATZ finds 
for the correction of pendulous belly. According to 
BARNES (1885) and SCHMIDT (1893), the uterus is 
carried forwards dur to ß; a pain, and is then forced 
backwards against the slAn.e by the contraction of the 
abdominal muscles. For PINARD and VARNIER (1892), 
the uterus rests on the ep,i_ne all the time and cannot 
come forward, unless the abdominal wails are weak. 
After reviewing the varied opinions, I venture to 
suggest that, out of the group of complex actions 
which occur during a pain, each writes has seised 
that/ 
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that constituent which seemed to him the most strik- 
ing, or the mist important, and in one or two 
instances the bias of preconceived notions has been 
at work, while to ethers the line of least resistance 
has not failed in attractiveness. 
During the second stage it is certain toat 
in the majority of instances the uterus does appear 
to come forwards in the beginning of a pain, and it 
does appear to be pressed backwaads during the acme 
of a pain, when the abdominal muscles are dev,elopin , 
their greatest effect. But it is a problem of a 
higher order to determine in how far these appear- 
ances have a reality. In this connection it is 
worthy of note that at one time doubts appear to 
have attacked Pr BARBOUR. In 1895 he states it is 
an open question whether the uterine axis diver 
changes during a " pain, but unfortunately nothing, 
so far as I am aware, has come of the query, and in- 
deed afterwards BARBOUR represents the generally 
accepted view. 
In the state of repose the uterus forms a 
soft, thin -walled, malleable body which is moulded 
in the spinal column in the dorsal posture of the 
individual, and in the erect attitude when the ab- 
dominal walls are sufficiently tense. Whenever these 
last/ 
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last are relaxed, the uterus in the standing position 
tends to decline limply on the abdominal walls. In 
repose, the transveree diameters of the uterus 
greatly exceed the ante-' -posterior, and a central 
line, drawn longitudinally through the uterine 
cavity from the fundus to t?,e lower pole, is more or 
less curved, whether the uterus is in retroversion 
or in anteversion. At the same time, the uterus 
during life probably never approaches the degree 
of softness and want of resistance Welch is evident 
post -mortem and in the reproduction of frozen 
sections. The difference can be traced to several 
factors (SCHF O D R 1886, STRATI 1886, BRAUNE 1890), 
such as the displacement upwards of the diaphragm, 
the sinking of the pelvic floor, and the relaxation 
of the uterine ligaments which appear in life 
exercise some persistent quantity of tension on the 
uterine body. Also the researches of HIS (1878) can- 
not be overlooked in this connection, for they may 
apply quite well to the gravid uterus. HIS skewed. 
that the non- pregnant uterus becomes retroverted 
after death, and he attributed the change from the 
normal anteversion of life to a loss of the blood- 
Pressure-content, as he found that, when the arteries 
and veins are injected after death, the uterus 
occupies a position of anteversion similar to that 
observed/ 
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observed, or palpated during life. 
In contraction, the active portion of the 
uterus, as a part of its functional activity, bulls 
upon its attachments to the pelvis, as I have already 
collated evidence to show. The whole uterine body 
thus becomes a hard t rigid system or body", and a 
central line, drawn through its cavity from the 
fundus to the lower pole, will be, if abnormal dis- 
turbances are neglected for the moment, a nearly or 
an absolutely straight line which will take a dir- 
ection more or less at right angles to the mean plane 
of the pelvic attachments, wherever that mean plane 
may be determined. At the same time, the transverse 
diameters of the uterus are greatly reduced, while 
the antero- posterior diameters are increased, espec- 
ially towards the fundus. Also, the round ligaments 
are contracting and can be palpated in contraction 
through abdominal parlotes which are not over -fat. 
.If 'now we consider the relative disposition of the 
Parts independently of the influence of the abdominal 
muscles, we admit an apparent projection forwards of 
the uterus in contraction, and we also recognise 
circumstances which are capable of disposing of the 
reality of the projection, or at least which are 
able 
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able greatly to modify ' its degree. The uterine axis 
has bean straightened, and as in repose the curve of 
the axis, in the most frequent arrangement of the 
parts whether of anteversion or of rétroversion, is 
most developed in the upper part of the uterus, and 
is directed posteriorly from below, the straighten - 
ing of the axis results in a projection forwards of 
the fundus uteri without there being necessarily any 
inclination forwards of the axis as a whole. Second- 
ly, the increase of the antero- posterior diameters 
must distance the anterior wall of the uterus from 
the central axis and create an appearance of pro- 
jection, but it does not necessarily imply a pro- 
jection forwards of the uterus as a whole, or an in- 
clination of the axis in the same direction. For, 
though the distance of the posterior wall from the 
central axis may, and probably does, increase as 
much as that of the anterior wall, it appears invari- 
able to be compensated for, in the beginning of a 
pain, by the reflex or instinctive hollowing out of 
the lumbar region of the spine to which, following 
FRITSCH, I have directed attention in Section I. The 
asserted capacity of the round ligaments to pull the 
fundus forwards I have not been able to observe be- 
Yand doubt at this stage. and I prefer to believe in 
greater 
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greater consonance with the anatomical appearances 
that the tractive effort of the active portion of 
the uterus from its attachments greatly outweighs 
any deviating pull which the round and large liga- 
ments are able to produce. This view does not de- 
tract from the recognised action of the ligaments 
before the uterus itself has begun to contract with 
vigour. nor does it minimise the beneficial restrain-' 
ing influence which the round ligaments are pre- 
sumably able to exercise in resisting undue extension 
and thinning of the lower uterine segment and vagina. 
If now abdominal contractions are added to uterine 
contractions (the phenomena, as already observed. are 
nearly simultaneous), the uterus has every appearance 
of being forced backwards against th,, spine, more 
especially whenever the recti abdomini contract with 
vigour. Here a in I believe appear> .ne:.es are mostly 
deceptive. The general effect of abdominal pressure 
and of the selective action of the recti is to reduce 
once more the antero- posterior diameters of the 
uterus - an effect which is still further enhanced 
by the continued contraction of the uterus itself. as 
it proceeds from the more or less globular to the 
more or less cylindrical form. In this case also the 
reduction of the ant,ero- posterior diameters of the 
uterus,/ 
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uterus may take place without any alteration in the 
direction of the uterine axis, and there 1s probably 
no such change in the normal event, partly because 
there is no evidence that the retraction of the 
lumbar column is progressive throughout a pain, and 
partly because of the nature of l.ritra- abdominal 
pressure. If the theory of a general- contents press- 
ure, as extended to apply tointra- abdominal pressure, 
is true, and there is no valid reason for doubting 
that it is true, than it makes no difference whether 
the uterus rests en the spine or on the contents of 
the abdomen. In neither case Is it possible to 
force the uterus backwards, in the first absolutely 
owing to the complete resistance of the spine; in "the 
second so long as the lateral walls do not yield 
which they show no signs of doing, and so long as 
none of the fluid contents of the abdomen is express- 
ed which cannot often be observed in a quantity, 
sufficient to effect the general result. The third 
possibility is the presence of a large quantity of 
gas in the bowel which, by its compression, may 
allow the uterus to he forced backwards. Such a 
contingency must be rare in the second stage of 
labour. In these last passages it will be observed 
the argument has returned to the dictum of KIWISCH 
that, during a pain, it is impossible to alter the 
Position of the uterus by pressure directed against 
it/ 
it. Further, as I believe the uterus to be superior 
to the round ligaments in controlling the direction 
of the axis, so also I .follow SCHATZ (1870) to the 
conclusion that the power of the norm. -a1 abdominal 
muscles greatly exceeds that cf the round ligaments. 
And indeed the abdominal muscles would need to be 
weakened to a very grave degree before they give way 
to the round ligaments; in any case the contracting 
uterus as "the primary and throughout the essential 
power in the birthu is always in place to control 
the direction of uterine pressure independently of 
abdominal pressure and other circumstances. Hence, 
the present argument which has bean advanced as far 
as the available mens permit is that, once the lower 
pole of the uterus and the presenting part are en- 
gaged in the pelvic canal, and thereafter during the 
course of the labour, the observed apparent changes 
in the direction of uterine pressure during a pain 
are unreal. This view seems most in accordance with 
the anatomy and physiology of the parts, and in my 
opinion it is a great advantage to time development 
of the normal mechanism of labour, and especially of 
internal rotation. There ar.e, however, at least two 
adverse factors which have to be taken into consider- 
ation. It is conceivable that the lower uterine 
segment/ 
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segment and the vagina may be unequally resistant to 
extension throughout their circumference. One 
meridian may give way More rapidly and more easily 
than another, and if the relatively weak portion 
were confined tO one half, or even to one quadrant 
of the tube, a distortion of the uterine system 
might be supposed to arise, with, as a consequence, 
a disturbance of the direction of uterine pressure. 
A greater retractility of one portion of the uterine 
body than that of another night have a similar effect. 
There is more certainty about the second possible 
adverse factor; it has been investigated by PINARD 
(1887). If the presenting part, together with the 
lower pole of the uterus, does not closely fit the 
superior portion of the pelvic canal, the uterine 
system tends to incline forwards even during con- 
tractions, and disturbances of the position of the 
Presenting part about its vertical axis and eventual -' 
ly of internal rotation are apt to arise. It appears 
as if the optimal relation of the lower pole to the 
Pelvic canal has a stall,tising, controlling, or modify- 
ing effect on the action of the uterus and its dir- 
ection of pressura. Possibly the closeness of the 
fit acts, as SCHAEFFER (1899) suggests, by fixing or 
holding the cervix and vagina in one position in the 
mechanically/ 
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mechanically important diametera of the canal. In 
practice, these adverse factors are checked by in- 
stinctive posturing and by the pressure of the ab- 
dominal muscles - generallya slow and gradual pro - 
eess which is exercised in the former during a pain. 
and in the latter during an interval. It is, how- 
ever, most important to recognise that the relation 
of the presenting part to the pelvic canal has no- 
thing whatsoever to do fundamentally with the mode 
of uterine action. This is rendered certain by 
the investigations of RÚBSAMEN (1913) and others who 
have shown that the uterus during the third stage 
behaves in a precisely similar fashion in this 
respect to that observed during labour. It is thus 
evident that the contracting uterus itself is Able 
properly to determine the direction of uterine press 
ure by pulling upon its attachments to. the pelvic 
canal, and that other.provislons are merely adjuvant 
to hasten the mechanism, when from any cause (e.g. 
Pendulous belly) the uterus has grown in a disadvan- 
tageous position during pregnancy. 
In the event of engagement being delayed 
until after the onset of labour, we have generally 
to deal with a. marked example of pendulous belly. In 
such a case, the uterus obviously is acting at a 
marked 
235. 
marked disadvantage, owing to the necessarily greater 
extension and weakening of the posterior wall of the , 
lower uterine segment and the vagina. And. perhaps, 
the result of uterine contractions, together with 
the direction of action of the round and broad liga- 
ments, that is during the it stage. were it not 
for a latent factor of which there will be occasion 
to speak later, would be to increase rather than 
diminish the state of anteversion. Actually, however, 
the uterus as a rule slowly approaches towards a 
position, in which its axis is aligned more or less 
correctly perpendicular to the mean plane of the 
attachments, in spite of the direction of action of 
the ligaments which under uterine control tend to 
recover their tone, and gradually draw the lower pole 
of the uterus into the pelvic canal. Instinctive 
posturing is able to hasten the event which may, how- 
ever, be delayed by the resistance, offered to the 
lower pole of the uterus and its contents, by the 
lumbar column and the promontory, and finally by a 
contracted brim which is the most common associate 
of an exaggerated pendulous belly. If, on the other 
hand, engagement does not occur during the first 
stage of labour, events take place during the second 
stage which, perhaps, render its occurrence in the 
strict/ 
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strict sense unlikely. Expulsion then begins, and 
therewith usually the .action of the abdominal muscles. 
The uterus continues to act in the usual way and 
slowly to erect Itself; the abdominal muscles cannot 
alter the position during a pain, but they may gain 
a little at the beginning of each pain by uterine 
effort starting a little earlier, as it normally 
does, and before abdominal general -contents pressure 
Is effective. It is probable that the further 
restitution is produced, the more effective is the 
resistance of the abdominal muscles in the intervals, 
it being difficult to follow in its entirety 
LAWRENTJEFF'S conclusion that the greater extension 
of the abdominal muscles is the more favourable to 
their efficient action (SCHATZ (1872) was evidently 
not of this opinion) . Here also instinctive postur- 
ing aids by adapting the inclination of the pelvis 
to the axis of the uterus. It is only necessary to 
recall the frequency with which women of pendulous 
belly try in this country to turn on to their backs 
during the second stage, and at all stages in the 
primitive state the habitual use of the crouching 
Position may favour. the correction of pendulous belly 
by the pressure exercised by the thighs on the ab- 
domen, as also it is believed by some to favour the 
correction/ 
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correction of injurious presentations. (a. g.King 
1915). Though the uteru s may succeed more or, less 
in coming into proper lino with the pelvis at some 
time during the second stage, it is just possible 
that engagement, in the strict sense of the lower 
pole of the uterus, never actually takes place. I 
an not aware, however, of any exact observations on 
this matter. But it does not seem a pri c,r1. i'np os's- 
able that, whenever extrusion of the contents begins, 
the process of extrusion may be substituted for the 
descent of the cervix uteri which may then. remain 
above the brim of the pelvis, and connected with it 
by the greatly extended vagina and uterine ligaments. 
Such an event will be most likely to occur in assoc- 
iation with a contracted pelvis, and the difficulties 
will net be lessened by the frictional resistance 
developed by the presenting part against the lumbar 
spine; the modifications to which the presenting part 
has then to submit forming a considerable part of 
the corrective mechanism, the condition from one 
Point of view being recognised clinically as 
LITZMA.NN' S obliquity with bending of the fetal 
cylinder, a collation of circumstances long since 
denoted as unfavourable. Lastly, labours occur in 
which 
2F8. 
which the misdirection of the uterine axis in never 
properly or completely corrected, and it is in these 
cases that anomalies may be expected in the position, 
the presentation, and the dynamic processes of labour. 
But so refined are the means of correction that 
persistent deviations are tolerably rare. 
0 10. Are early notice of the occurrence of later- 
al obliquities of the gravid uterus was made by 
DEVENTER (1701). According to SMELLIE, DEVENTER 
described lateral in addition to antero- posterior 
obliquities, end though the latter overshadowed the 
former in DEVENTER'S mind to both were attributed 
various difficulties and dangers in labour. These 
views were vigorously contested by OULD (1742) (fide 
McCtINTOCK 1876) and LEISHMAN (18e4). But the ex- 
planation given by SMELLIE (1752) seems fairer to 
DEVENTER who, no doubt, correctly described what he 
saw, end only committed an error cf judgement in 
attributing to abnormal obliquities of the uterus 
faults of the mechanism which were more probably due 
to contractions of the pelvis. In the reproductions 
of plates of the gravid uterus, given by VARI'TIER 
(1900) from the works of W.HUDTTER, SMELLIE and 
CAMPER, and MORFAU and JACÇUEMIER, lateral obliquity 
of the uterus is clearly evident. The reproductions 
by/ 
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by HUNTER, moreover, were made from preparations in 
which the blood vessels had been injected, previous 
to dissection (cf. HIS 1878). Most, if not all, 
later writers have admitted the existence of lateral 
obliquities of the gravid uterus. They differ only 
on the nature, frequency of direction, and cause of 
the obliquity, and in a lesser degree on the course 
of events during a pain. On the frequency of dir- 
ection a number of observations of a more or less 
exact nature have been made, 9nd those, to which I 













































































































































































































































































































































































































































Bxcludialg tea figures given by Fabre, of 
the total 11umbe:e of whose cases I have no note, and 
averaging the remaining original figures, we obtain 
apPreximate percentages for 19J2P observations. 
These aro:-- 
Right lateral obliquity _ 77,;: 
No obliquity 22¡ 
Le.ft, lateral ob1 i ^!lt í.'t,y 5. 
WIPÎCKLER determined the direct on of lat- 
eral obliquity by observing, during a contraction, 
the relative positions of the places of insertion cf 
the 'round ligaments into the uterus. I have no note 
of the method, or methods, employed by the remaining 
observers. And, though the determination of lateral 
obliquity would appear to be easier than that of 
antero- posterior obliquity, it cannot be more easy, 
whenever extreme exactness is required. At any rate, 
in the absence of farther and more precise observa- 
tions it is shfer to attribute the discrepancies 
observed in the table to faults of method rather 
than to axa excessive variability of the uterine axis, 
such as FRITSCH (1875) postulates. Even in their 
imperfect state, however, the observations are suf- 
ficient to show a great pre ponderante of right lat- 
242. 
lateral obliquity over all other positions in the 
coronal plane. DUNCAN (1875 ), who admits the re- 
lative frequency of right 'lateral obliquity, has 
determined the angular values of the lateral obl_iuity 
in a nuttier of eases. The method adopted was to 
compare the apparent rentre axis of the uterus with 
a median line joining the symphy 1s pubis to the 
sternum . The angles given are 8, 10, 11, 14, and 
15, and DUNCAN regards 10t` as the probable average 
value of right lateral obliquity. Of general ex- 
pressions of opinion there have been many. Among 
others, LEVRET (1751), DESORMEAT?F ( ? ) . ROI iTIN 
(1824) , MARTEL (1879 ), PLAYFAIR (1880), TARNIER 
(1882), BARNES (1885 )1 SCHROEDER and STRAT? (1886), 
LRAUNE (1890), DESSAIGNES and LEPAGE (1894), VARNIER 
(1900), and GALABIN (1910) record right lateral 
obliTiity as the most frequently observed condition. 
On tlic other side, SCHMIDT (189313) favours left 
lateral obliquity. For H0MBURGER (1885), it may be 
noted in passing, the left ligament is stronger than 
the right. According to AUVARD (1894), BOERNER and 
HALLIDAY GROOM believed the median position of the 
uterus to be the most co n.c:n. So far the authors 
quoted have written, I believe, of lateral obliquity 
as/ 
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as a real con(li t ie . Attempts helm been macle, how- 
ever, to show that the observed obliquity is apparent, 
snd not re 1. HERRGOTT (1839) pointed out tige in- 
equality in the develcpment cf the funrlus. The right 
half, being usually occgpiearl by the breenh, is large_ 
and more raise.. This view is reinforced in h re- 
markable manner by the appearance of the anatom ce l 
plete3s, t;, which lr have aire ac'y referred. The plate- 
all shag a greater development, i;a ter. a } l y r-eld antero 
posteriorly, of t),e right half of the uterus which 
appears to project mere te the right than the left, 
wa.thout there being, at the same t:Ime, evidence cf 
true lateral obliquity. Further, one of BARBOUR' S 
transverse sections shows the uterus in that instance 
to be dividend into two unequal moieties. the larger 
right pa.:rtlen being occupied by the limbs and most 
of the liquor anni.ß , and the smiler left p;5rt by 
the body and very little amniotic : ?u9.d, At the 
same time, in all these pieties the insertion cf the 
left rcurvi ligament is higher than that of the right 
se that evidence cf true lateral obliquity derived 
from the ligamentous insertions is unsatisfactory. 
LASAREWITCH (18E5) considers the observed lateral 
obliquity to be due to relative shortness of the 
vaginal/ 
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vaginal wall on the ene side, and to the greater . 
action of one of the round ligaments. But the axis 
of the uterus is preserved in parallelism to the axis 
of the brim, as the obliquity is not uterine and, 
therefore, not real. According to BOIJt:RUS 0.891) 
lateral obliquity is apparent and not real, a.nd is 
due te a. rmmetry in the growth of the uterus. ghen 
a real inclination appears, it is secondary t,` the 
apparent inclination, the uterus tending to drag to- 
wards the more developed side. AUVARD (1894) appears 
to accept this explanation in its entirety. KJJSTNER 
(1912) maintains that lateral obliquity is apparent, 
and is really a lateral displacement cf the uterus in 
tote, together with torsion. 
In the face (,f the c1Inir4.1 evidence on 
the one hand, and of the anatomical on the other, it 
seems wise to assume in the meantime that apparent 
and true lateral obliquities may occur in the same 
Person, either alone or together; and in the event 
of both being present, the one may be secondary to 
the other, or each rn,y have an independent origin. 
Varicus reasons have been advanced to 
account for lateral obliquities, but it is obvious 
that, in the absence of exact kncwled;e cf the nature 
of/ 
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of lateral obliquities, none of them can be very 
satisfactory. LEVRET (175.1) attributed them to the 
position of the placenta; DESORMEAUX ( ? ) to the 
sigrmoid; MADAME BOIVIN (1824) to habitual lying on 
the right side, the use cf the right arm, and to 
relative shortness of the round ligament cf the same 
side; WINCKLER (1868) to the bowels being on the 
left Side; and perhaps also to the lie of the child; 
MARTEL (1879) to the presence of the spinal column 
in the middle line and the lateral pressure cf the 
vault of the diaphra i; PLAYFAIR (1880) to the 
frequent distension of the rectum; SCHtvMIDT (1893h 
to the pressure of the lateral walls of the abdomen; 
while TARNIER (1882) sought a cause in the mesentery, 
and at the same time Jointed out that pelvic Honours. 
when they become abdominal, also show signs of right 
lateral obliquity. Possibly, the views of BOURRUS 
(1891) are nearer the truth than any, unless it 
happens that TARNIER is correct in his observations 
of pelvic tumours. 
The course of events during a pain, and 
with reference to lateral obliquity, does not appear 
to have been the object of much research. DUNCAN 
(1875) found usually a. slight amount of lateral 
obliquity/ 
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Obliquity during a pain, and considers a little gen- 
erally to persist. Acco ding to DESSAIGNES (1894), 
later .1 obliquity diminishes daring contraction. 
But the uterus cormes to the middle line according to 
SPIEGELBERG (1867 ), TARNIER (1882), BARNES (1885), 
and GALABIN (1910). Tho generl view is then that 
lateral obliquity, if not abolished during a pain, 
is reduced to the vanishing point. Little appears 
to be known regarding the rmechanical effects of 
later.-a1 obliquity. Reference has already been macle 
to the views of DEVENTER. GALAI IN (1 910) states 
that lateral obliquity is of no consequence unless 
it persists into the second stage, when it may be 
a cause of delay. Excessive lateral obliquity. in 
the second stage at least, must be very raro. Much 
the sane means are available for its correction as 
for the correction of antero- posterior obliquities, 
but circumstances seem favourable to the more rapid 
correction of the former. The problem turns to a 
large extent on how long apparent lateral obliquity. 
due to asymmetry of growth, persists during labour. 
This is a factor about which nothing seems to be 
known. And as both an apparent and a true obliquity 
will affect the direction of the uterine axis, its 
determination/ 
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determination is necessary for a complete understand- 
ing of the mechanism of labour. In so far as ray 
experiments go, lateral obliquity, when it does not 
exceed an angular deviation of 10°. lias no apparent 
effect on the mechanism, and, if it exceeds that 
degree, injurious results are observed more in the 
form of delay than in any special selective effect 
on the mechanisms. An angular deviation of 10° 
probably covers all the lateral error in the major- 
ity of labours during the second stage. At the same 
time slight deviations cannot be without some effect, 
if the postural treatment of delayed internal rota- 
tion is due to this cause. These slighter devia- 
tions correspond in degree to the asymmetry of the 
pelvis noted by JURGENS (1891), and exhibited in 
BARBOUR' S coronal sections? and may persist partly 
in consequence of these slight pelvic ahnormalt r_es. 
and partly as a result of the asymmetry of the 
uterus, if it is really persistent. 
Torsion of the uterus about its vertical 
axis in WINOKLER'S series of 800 cases swigs directed 
to the left in 38;!0, to the right in 18;0 and absent 
in the remainder. According to SPIEGELBERG, in the 
865 cases of right lateral obliquity which he observ- 
ed torsion was present in 163 and absent in 702. 
The/ 
Especially Plate VI/ I:ig (1889). 
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The torsion was directed to the right. Similar views 
to the last have been expressmc, more generally by 
TARNIER (1882), DESSAIGNES (1894), VARNIER (1900), 
FABRE (1910) and GALABIN (1910) . VARNIER states that 
torsion from right to left is exceptional and points 
out that it is shown in the plate of MOREAU and 
JACQUEMIER which he reproduces. The causation is 
obscure. VELPEAU, afterwards confirmed by PINARD as 
DESSAIGNES and LEPAGE point out, found that torsion 
is usually inverse to lateral obliquity. WINCKLER 
believed torsion to be unaffected by the position of 
the child, but SPIEGLEBERG states that the frequency 
and direction of torsion correspond to the frequency 
of entry of the fetus in the first oblique diameter. 
According to SCHATZ (1904), torsion is increased by 
the pressure of the abdominal wall; while SPIEGELBERG 
and DESSAIGNES believe it to be rectified in the 
birth. It is possible that here, as in the case of 
lateral obliquity, there is both a real and an 
apparent torsion. In connection with the causation of 
the` fertez..the vìß of FISCHER (1887) are undeniably 
attractive. No effect on the mechanism of labour 
has, so far as I ant.avrare, been attributed to torsion 
of the uterus. 
To resume the contents of this section 
in/ 
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in as far as they concern the direction of uterine 
pressure, I have endeavoured to show that the dir- 
ection of, uterine pressure is in the strict sense, 
unknown, and that the generally accepted view of 
pressure at right angles to the plane of the brim is 
based on an assumption which I have brought forward 
evidence to show is erroneous. Further, once engage- 
ment is complete, the direction of uterine pressure 
is remarkably constant during a uterine contraction, 
as I believe in spite of assertions to the contrary. 
The constancy of direction has an important influence 
on the mechanism of labour, and its determination 
ought not to be so difficult a matter, once means 
have been discovered of el :minating the effects of 
apparent variations. The proof, of the primary im- 
portance of the direction of uterine pressure will 
be given in the next section. That importance being 
granted, it becomes necessary, in the face of present 
ignorance of the true direction of uterine pressure, 
to consider the develop*ment of the mechanism of the 
second stage under every direction of uterine press- 
ure. As it was pointed out, it would be most natural 
to refer the direction of uterine pressure to the 
Plane Of rotation, but for several reasons the pro - 
ceeding 
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pre ceed.J.ng is inconvenient. And as the plane of the 
brir. (strictly the true conjugate) hes long been 
employed for this purpose, and is the most femi l ier 
to obstotr:! ci ns, the di_reeticn cf uterine i pressure 
will still be referred. to It. In order to simplify 
natters as much as possible, I think it befit to 
segregate the possible directions of uterine press- 
ure into three inriin ,t. enfi, nfimeiy, downwirds -end 
forwards, at right angles, and downwards and back- 
wards to the conjugate, the more so as these three 
directions are capable of producing, or are able to 
be associated with, three distinctive types cf the 
mechanism of the second stage. 
At the same tin theugh direct proof of 
the direction of uterine :pressure is awanting, it 
is possible, =.nd indeed, legitimate. to infer f'rem 
ecnsi.dere.tion of the varied factors connected with 
the mechanisms the most probable direction of uterine 
Pressure, if it is always borne in mind that the 
result is only inferred and not a soerteined . I find 
by experiment with a m.del on a plane rubber -sheet 
and in a canal formed3 so as to represent the pelvic 
canal (the details of these experiments are given in 
an appendix). that less weight is required to pre - 
duce.advance (or descent) arld internal rotation. 
when the pressure is :inclined at an angle of 10`` -15° 
to/ 
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to the plane of the rubber- sheet, or to the plane of 
the inlet of the Canal than at any other angle, and 
also that, whenever the pressure is directed at 
right angles to the plane of the brim, or to the 
plane of the rubber -sheet, the most press?l.re is re- 
quired to. produce advance (or descent) and internal 
rotation, and in the latter case repeated experime is 
proved so injurious as rapidly te wear out and rup- 
ture the sheet of elastic. In addition as will be 
shown more fully later, the proper direction of 
internal rotation und the least dangerous mechanism 
of extension are favoured, if not actually produced, 
by an inclination of the direction of pressure down- 
wards and forwards at the same angle either to the 
plane of the brim, or to the plane of the rubber - 
sheet. 
`iecondly, in the first section cf this 
paper I have given in considerable detail that which 
appears to nie to be the most probable form cf the 
dilated normal canal. The main essentials for the 
Present purpose ark that the superior portion-of the 
pelvic canal is not cylindric -11 strictly speaking; 
the posterior surface of the symphysis leaves the 
conjugate at an angle ci .1000; the antero-lateral 
walls/ 
252. 
walls leave the plane of the brim at the sarde or an 
even greater angle; the postera -lateral walls trend 
forwards at a greater rate than to the antero- lateral 
walls; and the axis of descent is represented by a 
line which is closely related, to the antero- lateral 
and the pestero- lateral walls, whatever may be the 
Position cf the presenting part, whether oblique or 
transverse. These conditions. then, point to the 
Probability that the normal line of descent in the 
normal dilated canal is inclined downwards and for- 
wards from the plane of the conjugate and towards 
the plane of the flóor, and the approximate angle cf 
inclination is once more 10`- from the rectilinear 
line, with the coincidence of the directlen of 
uterine pressure with this axis of descent there 
need then be no loss of power such as DELCRE (1865) 
asserts to be the case, when trection with forceps 
is not made at right angles to the plane of the brim. 
Hence, if this view of the pelvic canal be the right 
One, then the main objection to the 10° deviation of 
the direction of uterine pressure falls to the ground.r 
While the normal line of descent follows the normal 
contour cf the anterior pelvic wall it is not necess- 
arily determined by it. although any departure from 
it/ 
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it in the normii.l pelvic c£in.al is evidence of r.n error 
lying somewhere in the mechanism. There ifi reason, 
however, to believe thht the form cf the norm6.1 
pelvic; canal is merely an association with or a(ïa7)t- 
:xtien to the mechanism of i.=,bria.r, it boina remember- 
ed th t the j)xedomins''ing adaptations cf the pelvis 
and its seft parte are connected with the mechanical 
requirements cf the erect attitude, and only in a 
minor, though nunc) the less :.im;)ort-:nt, de6rele with 
the dem-;.rids of parturition. This being hrlmi ttnRs 
we have to lock further than the pelvis fnr the ulti- 
mate d.eterrnin:Ant of the direction of uterine pressure 
(I have not thought it necess,ry here to repeat the 
reasons for believing that abdominal pressure has no 
essentiel be,-ring on the direction of uterine pes- 
uve), _.:.71d here we cme to grief fio fer as observation 
and experiment ..re Ail that it is possible 
to stiy is the direction cf uterine pressure is 7,roY)- 
ably determined by t11n :inc,lin-:ti(;n cf the Y.l.,.lies cf 
rotati::r_, the direction in which the vagina tends. to 
dilate, and the relative position of the exit of the 
Canal, that is to say, the "locus m'+.11vr:is resist- 
entiae cf KEHRER (1h64); the rnechhn:icetiry &djustme;nts 
being produced by the active bcdy of the r;:terias pull- 
ing/ 
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pulling against its attachments. But why the uterus, 
or indeed any mobile expulsive machine, should seek 
to train its pressure on the weakest area is an un- 
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S E C T I O N III. 
FLEXION. 
268. 
,I1. Flexion denotes a process whereby the present- 
ing part is adapted to the pelvic canal. The pro- 
cess, in a comprehensive sense, consists partly of 
change of form and partly of movement about an axis 
which is nearly horizontal in relation to the pelvis. 
The breech, the shoulders, and the head severally 
undergo changes which are included within the term. 
But, the extent of the modifications is least in the 
breech and greatest in the head, while the shoulders 
occupy an intermediate position. These differences 
in degree are correlated with the relative dimen- 
sions of the several parts, for, though in late 
pregnancy, with a head presentation, the breech of 
the fetus forms the larger end of the ovoid, such 
is not the case as the parts are presented to the 
pelvic canal. Then the head has the largest, and 
the breech the least dimensions. The amount of 
change in the parts is, therefore, roughly propor- 
tional to the horizontal diameters of the parts, the 
greatest alterations taking place where the dimen- 
sions are greatest. Further, the quantity of change 
in the breech, the shoulders, or the head is pro- 
portional to the relations existing between the hori- 
zontal diameters of the individual parts and the 
horizontal/ 
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horizontal diameters of the pelvic canal, but,sa 
long as the relative proportions of the three parts 
are normal, the changes will always be greatest in 
the head and least in the breech. So far, we have 
been considering the changes or modifications of the 
parts, as if they were purely the result of the 
centripetal pressure of the pelvic canal, bui we find 
that anatomical. and physiological provisions exist 
for conducing towards the changes and that they are 
also proportional to the dimensions of the several 
parts, being most elaborate in the head and least 
developed in the breech, that in point of fact the 
breech has crie kind of provision, ana the shoulders 
two, while the head has no less than three. Further 
when we inquire into the nature of these provisions, 
we observe the sole modification submitted t. i by the 
breech, is such as might he pro(1 »oed by concentric 
pressure alone, whereas the changes impressed on the 
head are such as could not possibly be reached only 
by pressure, that is, without the existence of 
specialised mechanical arrangements, and in the case 
of the head we note that the effect of the i,iechanieal 
arrangements far exceeds in value that of the simple 
concentric/ 
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concentric pressure, while for the shoulders, where 
two provisions exist, it is difficult to determine 
a superior value for either the one or the other. 
We thus see that the anatomical and physiological pro- 
visions are most elaborate where they are most re- 
quired, and most simple where the least difficulty 
is to be expected. And as the general outline of 
the parts and the mechanical arrangements for the 
production of flexion persist throughout life, we 
may regard them as adaptations to the pelvic canal, 
as the acquired and inherited products of evolution 
towards that end. (MUELLER 1907) 
Flexion, then, may be produced in three 
different ways: - 
1. By moulding, 
2. By a rotation of the parts about a hori- 
zontal axis, and 
3. By a peculiar radial movement of the parts 
about a centre which lies outside the 
parts. 
1. Is the only kind of flexion experienced 
by the breech; 
SX. Belongs both to the shoulders and the 
head; 
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2L. Is confined to the head alone, a st eMa 
='U: ' .L t;1'41:r'.r.-, , 1( ,4 40 .>,n, 
v+..I% AA ? g 'r.: .k ¡. "Y'i''..! .SI' -. 
. § r044, 1 C ôL. . 1 4.4. . P 
Following up the previous line of argument 
we regard moulding as the oldest and the most primi- 
tive form of flexional change, axial rotation as 
younger and less primitive, and radial rotation as 
the most recent and the most elaborate form. Though 
it is _i_)ossible that moulding may appear at a toler- 
ably early stage of the descent, it is most natural 
when proceeding to describe the nature and mechanism 
of the different forms of flexion, to begin with 
the axial rotation, follow with the radial rotation, 
and take the phenomena of r-ioulding last of all, con- 
sidering each mode for the head, the shoulders, and 
the breech in turn. And in order to distinguish, 
if possible more clearly, the forms of flexion I 
propose to call them movements, and to separate 
the three forms axial rotation, radial rotation, and 
moulding from one another as the first, sec:)nd and 
third movements of flexion. 
d 2. First movement of flexion. Axial ro- 
tation of the head. Appearance of true flexion. 
Primary 
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Primary flexion of Dorland (1907). Rotation of the 
need about a horizontal axis (flexion of most obser- 
vers) is the means whereby the chin of the fetus is 
approximated to the sternum,. Most of the older 
obstetricians regarded flexion as a movement which 
occurred during the descent of the head through 
the cavity of the pelvis. They were no doubt led 
to do so by frequent palpation of the more or less 
marked dipping of the occiput which occurs during 
each pain about that time, and this, the most readily 
evident flexional movement, they were probably led 
to explain as a rotation of the head about a hori- 
zontal axis, so as to approximate the chin to the 
sternum.. At the same time, so far as I can find 
out, they had no direct evidence that the chin 
previously was apart from the sternum, or that the 
movement actually applied the chin to that region. 
And I fully believe that, whenever these older ob- 
servers wrote of flexion as occurring when the os 
was fully dilated, or when the waters broke, they 
were really referring to another kind of movement 
(of which the dipping of the occiput is the evidence 
and to which I shall afterwards have occasion to re- 
fer), although they themselves believed they were 
the/ 
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the witnesses of a true movement of flexion in the 
sense of directing the chin on to the breast of the 
fetus. Thus the great difficulty in collating the 
history of flexion lies in discovering what kind of 
movement each observer was describing, and whether 
the result' which he attributed to the movement was 
ascertained, or inferred, and as it is, I am able 
to understand the situation only by assuming that 
the general body of observers described several 
movements under one name, .nd inferred the results 
only from the nature of these movements. From this 
aspect of matters it is apparent that for many 
years after the foundations of the mechanism were 
laid the general belief in the absence of flexion 
at the end of pregnancy, and its production during 
labour was an inferential conclusion and not an as- 
certained fact. And this in spite of Smellie's 
knowledge that the normal fetus is flexed all over, 
and Velpeau's emphatic assertion that flexion is 
complete long before labour begins, that the fetus 
is rolled up on itself; and has the chin applied to 
the sternum (1835). Later in the century a suc- 
cession of observations made it clear that flexion 
was complete before labour, and this view met with 
fairly 
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fairly general acceptance for a time. Among others, 
HALAHAAr ! 1862) held flexion to be complete before. 
labour, SCHROEDER (1875) believed the chin to be 
applied to the sternum during pregnancy, TARN TER 
1 (1882) considered it generally the case, while HART 
(1887) asserted that the chin never leaves the ster- 
num in normal labour. BARBOUR (1895) in reviewing 
23 frozen sections from before labour, states that 
the chin is applied to the breast in all except* 
one, in which the head is in the occipito- posterior 
position, and the separation of the chin from the 
sternum amounts to one and a cuarter inches. From 
these considerations BARBOUR concludes that flexion 
is ell attitude and not a movement in normal preg- 
nancy and labour, but it may become a movement, if 
the attitude of flexion has been undone. There can 
be little doubt that this summing up forms one of 
the strongest reasons ever advanced for the com- 
pleteness of flexion before labour, the more so as 
it is difficult to see how, in this particular matter, 
the oeculiar disabilities of the method can affect 
the disposition of the parts. This important con- 
tribution apparently settled the problem for some 
time after, in fact until SELLHEIM revived the dis - 
cussion 
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discussion by returning to the opinion advanced es- 
pecially prior to 1895 by many observers, notably in 
France, that before labour the head presents in 
an attitude midway between flexion and extension. 
DEPAUL ( 1872) O OT17AT (1887), FARA,BEUF and VARNIER 
(1891), DESSAIGNES and LEPAGE (1894), AUT.' RD (1894), 
D 'MELIN (1903) and in Germany, MUELLER (1885) and 
MUELLER (1898) have been of this opinion. On the 
other hand VARNIFR.in 1900, states that the chin is 
on the breast before labour and has been observed 
in this position as early as the fifth month of 
pregnancy. In 1904, SELLHEIlt states that moderate 
flexion labour; in 1907, he de- 
scribes his elaborate experiments on the production 
of flexion, and from these he makes the deduction 
that, though the attitude of the fetus in general 
is one of flexion, yet the head lies midway between 
flexion and extension, and that flexion is completed 
on descent by reason of the conical formation of 
the cavity into which it descends, but the flexion 
is undone in the interval between every two pains, 
and when there is much amniotic fluid, the head hav- 
ing in fact, according to SELLHFIM, a natural ten- 
dency to extend, to such an extent indeed that, if 
sufficient/ 
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sufficient room exists, the attitude will be conver- 
ted into a face presentation. Though much of what 
SELLHEIM here records is probably true, it is im- 
possible to avoid the belief that the extensibility 
of the child's neck has become exaggerated in the 
mind of the author, and that the attitude of the 
head, described by SELLHEIM as the normal, is by no 
means universal, or even the most frequent, though 
it does occur under certain conditions. AHLFELD 
(1903) had however raready deduced complete flexion 
from the drnieal form of the uterine cavity, while 
FABRE (1910) who devoted considerable attention 
to this subject considers that the head normally 
presents in an attitude midway between flexion and 
extension. There can be little doubt that the 
general desire to regard the head in a position 
midway between flexion and extension before labour 
arose, as I have said before, from the difficulty of 
explaining the intra- pelvic movements, if flexion 
is already regarded as complete, and that such a 
difficulty existed is shown by the vague explanations 
given by those who postulated complete flexion at 
the brim for the movements which usually occur during 
descent. Thus TWEAU (1835) says merely that 
flexion is increased during labour, SCHROEDER (1875) 
holds 
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holds a movement of rotation to bring down the occi- 
put during descent, PARVIN (1895) is not any clearer 
than VELPEAU, BARBOUR (1899) suggests a rotation of 
the fetus, as a whole, round its axis to account 
for the dipping of the occiput, DORLAND writes of -an 
exaggeration of true flexion and calls it secondary. 
HART (1912) considers the more rapid descent of 
the Occiput an appearance only which may be called 
flexion, and suggests that the sinciput descends to 
a greater extent than was formerly believed. 
The normal arrangement of the parts is 
such that the chin of the fetus is applied to the 
sternum during the late months of pregnancy, if not 
earlier, and throughout the irlole course of labour. 
Clinical experience and the evidence derived from 
frozen sections determine that conclusion, while the 
removal of the chin from the breast is the sign of 
some abnormality, however transient and ineffective 
it may be in result. The normal attitude of com- 
plete flexion is dependent primarily and essentially 
on the healthy vigour of the living fetus, and is, 
as BARBUUR puts it, an attitude and not a movement. 
That is to say, the attitude of complete flexion 
is a simple reflex, and it can be shown to be %evoked 
by an appropriate stimulus, if for any reason the 
attitude 
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attitude is undone. Secondly, the normal attitude 
depends secondarily and non -essentially on those con- 
ditions, for which PÄJOT' S law is the succinct ex- 
pression, and of which SELLHEIU'S investigations 
are the experimental proof. That such is probably 
the case is the impression derived from a labour 
which I had under observation. The head was still 
in the upper part of the pelvic canal, in the most 
frequent position and presentation, and the relative 
proportions of head and canal were easy. Expulsive 
efforts were in progress and were associated in the 
intervals with an excessive "drawback ", if I may 
so term it, during which the uterus greatly expan- 
ded, and the head receded, as if the fetus on the 
whole was returning,more or less, to its original 
state of curvature. These drawbacks undid flexion. 
The sincipital region of the head began its retreat 
later than the occiput, and the retraction of the 
former never equalled that of the. latter. Matters 
were uncomplicated by the second flexional movement 
(dipping of the occiput of observers) which had not 
as yet appeared even during a pain. When the ex- 
cessive drawback ceased, there was a slight recoil, 
like that of a train when it comes to rest, and 
this 
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this was followed immediately by an active movement 
of the head, whereby the sinciput retreated rapidly 
and nearly beyond reach, while the occiput moved 
to a comparatively slight extent, and not to the 
degree which is required, 2.s I shall later point 
out, by the second movement of flexion. The active 
movement of the head ended abruptly with the convey- 
ance to the fingers of the appearance of an un- 
yielding resistance, not in the region of the sinci- 
put, but at a higher level and apparently in the 
region of the chin. The feeling of a slight im- 
pact and of a sudden arrest of motion was succeeded 
by an impression of, literally, the grinding 
apparently of the chin on the breast of the fetus. 
The grinding sensation wore off gradually, and gave 
place after q. slight recoil to a feeling of gentle 
contact, in the continuation of which no vertical 
movement could be impressed. on the sinciput, without 
at least disturbing the position of the whole head. 
When the next pain arrived, there was no impression 
of retardation of the sinciput, as compared with the 
rest of the head. The feeling was, however, that 
the chin then pressed heavily on the sternum, but 
without that grinding or boring sensation which had 
been 
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been noticed before. Now, these impressions were 
conveyed to the fingers not on the cycle of a single 
pain, but during a considerable succession of pains, 
and the observations, in fact, ended only when the 
second movement of flexion began to appear, and 
rendered further inquiry inadvisable. In this case, 
the behaviour of the child's head invited comparison 
with the mode of action of .the sphincter ani. 
There was present in the case just recorded, and 
there is present in the action of the sphincter 
ani the same gradual rise to an acme of contraction, 
in which the muscles were and are tremulous in their 
fervour of action, and this was and is followed by 
a gradual relaxation, with finally a slight recoil 
to the position of repose, that is a state of light 
tonic contraction. In the one a stimulus is known 
to be required to evoke contraction: in the other a 
stimulus was forward in the recoil of.the child's 
head, and which was to all appearances the factor 
determining the movement of. flexion. Looting back 
over this interesting exemple of parallelism, I have 
no doubt that the movement of the child's head was 
a purely reflex act, ..as much as is the contraction 
of the sphincter ani; and seeing that everything 
that/ 
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that was reaspnably possible was done to exclude 
deception, I fully believe that the movement was a 
true movement of flexion in the sense of approaching 
the chin to the sternum from a previous position 
in which they were apart. Further, the second event 
which gave the impression of the chin being applied 
more firmly to the sternum without, however, an 
actual movement of the chin towards the sternum, be- 
cause to áll appearances the chin was already on the 
sternum, was, if not the actual production of flexion, 
even in potentia,at any rate the preservation of 
flexion together with an increase of the pressure 
existing between the head and the body of the fetus. 
This second event supervened upon the arrival of a 
uterine contraction, was indubitably connected with 
ìt, and was indeed an example of the operation of 
Pa jo t' s Law of accommodation. Thus at one period 
of a single case of labour, owing to the happy cones 
bination of an excessive "drawback" and a fairly 
roamy pelvis, the two cief methods of producing 
true flexion, as I understand it, were demonstrated 
almost simultaneously and yet separately. The 
inference to be made from these observations, and 
it is generally confirmed by the evidence of frozen 
sections, is that the healthy vigorous fetus presents 
above/ 
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above the brim with the head in a state of complete 
flexion, independently of all extrinsic conditions, 
while the dead or weakly infant presents with the 
head between flexion and extension, in the absence 
of all extrinsic conditions. But as a rule, in the 
latter case circumstances arise which complete flex- 
ion independently of the fetus, and before it has 
passed the brim. The most important of these is 
the growth of the fetus to an extent completing 
its occupation of the uterine cavity, provided the 
walls of the lower ,,ole of the uterus are sufficient- 
ly tense to exercise pressure on the fetal head, 
and the quantity of amniotic fluid is not so great 
RS to buoy the fetus off the uterine walls. The 
mechanism of these arrangments will be discussed 
later, but it may be as well to point out now that 
all mechanical hindrances to complete flexion in- 
trinsic to the fetus, though they may absolutely pre- 
vent flexion, do not evade the probability of the 
movement of flexion, as is the normal occurrence, 
from being, at least, attempted. There thus re- 
main, as factors for the presentation of the head 
above the brim in an attitude of demi- flexion, death 
or debility of the fetus associated with weakness 
of the walls of the lower uterine cavity, or with 
an/ 
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an excessive quantity of liquor amnìi. And it is 
tolerably certain that this combination of factors 
is of rarer occurrence than its alternative. At 
the same time, whenever labour sets in with the head 
in a state of demi -flexion, it is probable that in 
many of these cases extrinsic conditions favouring 
complete flexion do not arise until a comparatively 
late stage of the labour, that is to say, it is 
quite possible for uterine pressure to be exercised 
on the head, over a long period, without flexion 
being produced. 
f3. The second movement of flexion. Radial 
flexion of the head. Appearance of ROEDERER °S obli- 
quity. Secondary flexion of DORLAND (1907). 
The second movement of flexion (the dip- 
ping of the occiput of most observers) is recog- 
nized clinically by the descent of the occiput into 
the axis of descent within the pelvis. It is the 
most easily observed, as it is the most extensive 
movement of flexion to which the head and it may be 
repeated the head alone is submitted. I feel sure 
this second movement is that which alone was denoted 
as flexion, though it was regarded as true flexion 
by, among others, BAtfl LOCQUE (1759) GARDIEN (1524 ) 
STOLTZ (1826 ), DUBOIS (1834) 
MOT/ 
VII'LPEATI (1835), GiJILLB- 
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GUILLEMOT (1837) for occipito- posterior positions, 
KIWISCH (1846), HYERNAUX (1866), DUNCAN (1368), LAHS 
(1870), DEPAUL (1872), SCHROEDER (1875) who came 
nearer the truth than any of his predecessors, 
CROTT'AT (1887), SCHATZ (1890), LUSK (1891), PINARD 
and VARNIER (1892), PARVIN (1395, DESSAIGNES and 
LEPAGE (1894), AUVARD (1894), HIRST (1900), WEBSTER 
(1903), DEMELIN (1903), AHLFELD (1903), SELLHEIM 
(1904, 1907), JELLETT (1905), OLSHAUSEN (1906), 
DORLAND (1907), FABRE (1910), and GALABIN 2.nd 
BLACKER (1910), and in greater part by FABBRI (1857 
et seq.), HUBERT (1858), RITCHIE (1865), and MARX 
(1392) . Most of these observers stipulated a 
marked increase of flexion when the cervix was fully 
dilated, when the waters broke, or when the head 
reached the pelvic floor. Others have written in 
similar terms, but their views are expressed rather 
vaguely. 
The second movement of flexion consists 
of a rotation or sliding of the whole head around 
the summit of the trunk, and about a centre of ro- 
tation which is situated somewhere within the body 
of the child. It is strictly speaking the appear- 
ance of ROEDERER'S obliquity. ROEDERER appears 
to have described the movement correctly, but I am 
ignorant 
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ignorant of what it was ROEDERER understood exactly 
by his movement. It is entirely independent in 
mechanism of the first movement of true flexion, 
though it is readily understood that the two move- 
ments may occur in-variable amounts of admixture 
in a series of labours. In the normal event, when 
true flexion is complete in the sense of the chin 
being applied to the sternum, the neck of the fetus 
is still hyperextended, and the supervention of the 
second movement of flexion is marked by a straight- 
ening, or even by a slight flexing of the. cervical 
spine, together with a sliding of the chin forwards 
and downwards (in the sense of the fetus) over the 
breast, and a marked dipping of the occiput so that 
within the pelvic canal the last approaches more 
or less nearly to the centre of the pelvis. It is 
clear that this movement can take place without the 
chin ever reaching the sternum, and that in the re- 
verse movement the chin need not leave the breast, 
or need. not become more distant from it, if they are 
already apart, until the maximum degree of movement 
in the horizontal sense has been reached. There- 
after a continued movement of hyperextension neces- 
sarily implies an increasing separation of the chin 
from/ 
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from the breast, which reaches its limit, when the 
occiput is applied to the dorsum of the trunk. But, 
here it is observed that, so far as the chin is a 
guide, the vertical element has developed dispropor- 
tionally at the expense of the horizontal element 
of the hyperextending movement. And indeed, using 
the chin a.s an index, we might condense or summarise 
the differences existing between the first and second 
movements of flexion by stating that in the former 
the principal movement of the chin lies normally in 
the arc of a circle whose chord is placed verti- 
cally, and in the latter the principal movement lies 
in an arc whose chord is placed horizontally, in 
relation to the long axis of the fetus. It is ob- 
vious, however, that these distinctions are not so 
real as they appear to be, if the movements are 
carried to extremes, for the chin can reach its 
position of greatest extension, either directly by 
a movement of true extension, or by sliding up the 
chest, until movement is limited in that way, and the 
chin has, perforce, to be elevated from contact 
with the breast. In both instances, a circle is 
described, but it is noteworthy that in the former 
the centre of rotation lies within the head,and 
entero/ 
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antero p osterior movement of the head, as a whole, 
is at a,minimum, while in the latter the centre of 
rotation lies within the body of the child, and 
the antero -posterior displacement of the head reaches 
a maximum, though it is partly cc,.rracted as the face 
presentation appears. In the greater number of 
labours, however, that is in the normal event, true 
flexion and true deflexion do not betray an angle 
much in excess of 40 °, and the second movement of 
flexion ranges about 90° more or less. Within these 
limits which may be regarded as the normal and most 
frequent, the distinction as regards the chin be- 
tween movement through a vertical and movement 
through a horizontal segment of a circle holds good 
and is valid for descri ptive purposes. (SELLHEIM 
(1907) allows an angular distance of 160° for the 
antero -posterior movement of the cervical spine, 
45° being flexional and the difference, namely 115 °, 
of the nature of extension. vALTWATWAOH (1391) 
limits the total movement to 120° or 130 °. But 
SELLHEIM' S figures are more probably correct. The 
angular distances I have given are those I believe 
to occur in the normal labour in the left occipi!? 
anterior position, and the are derived from the 
measurement/ 
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measurement of ,a corresponding movement of the child's 
head after birth. It aepresents the movement 
which takes place from a position of repose to a 
position of the head like that seen in BRAUNE' S se- 
cond section). 
The second movement of flexion is usually 
absent in pregnancy and during the first stage, 
though it may Make its a . earance, when there is 
some degree of relative disproportion between the 
head and the canal, and in the first stage men the 
cervix is well dilated, especially if the waters 
under the head are little in quantity. But, as a 
rule, the resistance of the cervical canal and the 
upper part of the pelvic cavity is not so great, 
and it is then only during uterine contractions, that 
a variable degree of the second movement arises as 
the head is forced down, though it disappears once 
more ns the head rises up at the end of each pain. 
After the waters brew[, the second movement is 
produced to an extent increasing with every pain, 
and after the successive pains the disappearance of 
the radial flexion becomes less and less larked, 
until a time comes when the second movement becomes 
an attitude of a more or less marked character. 
This/ 
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Thin condition is reached normally in the lower part 
of the superior portion o.fthe pelvic canai, and it 
precedes the movement of internal rotation in the 
most frequent relation of the parts. Under clini- 
cal examination, it is customary to find the two 
fontanelles nearly on a _level with one another before 
engagement is completed (STOLTZ 1826, ' DUBOI S 1834, 
SCHROEDER 1875, NAEGELE and GRENSER 1880), that 
is, until the lower pole of the uterus reaches the 
boundary between the two divisions of the superior 
portion of the pelvic canal. After that time, until 
the cervix is ful? ÿ dilated, the relative positions 
of the fontanelles often do not change, though in 
many instances some degree of the second movement 
is produced, either permanently or temporarily, 
during a pain, and is characterised by the large 
fontanelle reaching a higher level than the small, 
and by the head being displaced as a whole, so that 
the occiput approaches towards the centre of the 
canal. On rupture of the membranes s no immediate 
change may be apparent (JACQUEVSIER 1846, PARISOT 
18954, but generally sooner than later a more ex- 
tensive approach of the occiput to the centre of the 
canal becomes apparent, and this approximation may 
either/ 
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either be progressive and permanent, or for a time 
it may be temporarily obliterated in the intervals 
of the pains, depending on the relative 
of the parts, but in the latter case the swinging 
of the head in each cycle of contraction and pause 
diminishes with the descent of the head, and, so 
far as I am aware, is always completely excluded 
in the lower part of the superior portion of the 
canal. Th- effect of the second movement is to 
place in the centre of the canal a point on the 
surface of the head which lies midwatr more or less 
between what is strictly the vertex and the little 
fontanelle, and it necessarily results in a smaller 
circumference of the head coming into correspon- 
dence with the successive horizontal planes of the 
pelvic canal. Contrary to what we find in the 
case of true flexion, it is not advisable in the in- 
stance of the second movement to speak of radial 
flexion being complete, because in the normal case 
of labour, when that point on the surface of the 
head of which I have just written reaches the centre 
of the pelvis, the second movement has not reached 
its extreme limit, though it has aHproximately 
arrived at its optimum limit. For, the head is 
still 
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still able to carry on its sliding movement to a 
still greater extent, until, in fact, the little 
fontanelle reaches the centre of the pelvis. Pro- 
bably this degree of "forced flexion" is more than can 
be ?roduced by a bending of the neck spine al one 
and it appears always to be associated with more or 
less flexion of the dorsal spine., Presentìtion 
of the little fontanelle has long been known as a 
sign of di hero port ion existing between the head 
and the pelvis, usually owing to general contraction, 
but it has recently been demonstrated that the en- 
forced flexion of the head may be a cause of diffi- 
culty in itself. The flexion and descent of the 
upper portion of the body of the fetus leads to a 
diameter of the fetus engaging in the pelvis - a 
diameter which is in itself, apt to be dispropor- 
tionate, as it extends from the middle line of the 
back to the forehead (FABRE 1910). mhe dystocia 
which may then arise from the attitude of forced 
flexion parallels the better known obstruction which 
may apr)ear from a similar, though a reversed arrange- 
ment of the parts present under forced extension, 
such as may occur in a face presentation. 
04. The third movement of flexion. Deformation 
of/ 
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of the head. 
The third mevemer_t of flexion (the moulding 
of most observers)is not a movement of the head as 
a whole, but rather a movement of one part relative 
to another. Moulding is divided conveniently into 
deformations of the soft parts and deformations of 
the hard parts (OLSHAUSFN 1870, AUVARD 1894) . On 
any other grounds, however, the distinction can 
hardly be justified, as to quote an instance it is 
obvious that the moulding of the bones must be 
associated with more or less deformation of the 
brain which is a soft part, and it is not usual to 
include the latter, about which I rave been able to 
find very little information, within what is ordinar- 
ily termed the deformation of the soft parts. 
These consist mainly and ordinarily in the production 
of the caput 6u eo edaneum . So far..-Is one tin judge, 
the caput 'as little or -le effect in the mechanism 
of labour, and as Matti >. :1 3 Dur.catA lo.se. ved it cannot 
furnish the information, which it otherwise u.i.c ht be 
expected indirectly to do, regarding de'c table ques- 
tions like the direction of uterine pressure, and 
the orientation of the head within the pelvic canals 
It is not necessary therefore to enter here into its 
nature 
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nature, cause, and mode of production. But it is 
necessary to refer in passing to the researches 
of Budin and Martelll re who, according to Au-,- .rd 
(1894) state a formation of the caput after death and 
maceration of the fetus, and also before the mem- 
branes are ruptured; while VARNIER (1900) records 
the presence of a caput in three frozen sections 
with unruptured membranes. Probably, the caput 
would be found clinically to be more frequent in 
the first stage than it is supposed to be, if special 
attention was directed to the matter. The impor- 
tance of the observation lies in the indication 
which it gives of the difference of pressure nor - 
mally existing between the general contents of the 
uterus and the beg of waters below the head, and 
to Which I have already referred. 
Much research has been devoted to the de- 
formations of the hard parts and with good reason, 
as however o:.inions may differ in a casual connec- 
tion of moulding wjth the mechanism of labour, the 
view meets with general acceptance that moulding 
plays n irioortant part in the development of the 
mechanism. 
FEHLING (1874) divides moulding into absol- 
utei 
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absolute and compensatory deformations. The former 
is represented by a real reduction in the cubic 
capacity of the head, by an extsion of fluid from 
the skull, and is of small consequence, as Fehling's 
experiments proved: the latter implies no change of 
bulk, consists solely of change of shape, and com- 
prises,the more important deformity. The dis- 
tinction of absolute and compensatory deformations 
is confirmed by the researches of PERLIS (1379).* 
VARNIER (1900) divides the total phenomena into 1. 
overriding of bones, 2. formation of the caput, 
and 3. deformation of the head. As it is clear 
that the moulding of the head is not entirely due 
to overriding of the bones, it is convenient to di- 
vide compensatory deformations under the first and 
third headings of VARNIER. 
STADFELDT (1861) showed that the right 
parietal bone, that is the anterior, is usually 
pushed over its neighbour. In 1370, OLSHAUSEN 
published some elaborate observations on the subject. 
He states that the frontal and occipital bones are 
pushed under the parietals, and that in a prepon- 
derance of examples the anterior parietal is pushed 
over the oosterior, while the frontal bones ex- 
perience a greater degree of flattening than does 
the/ 
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in this discovery. 
295. 
the occipital bone. In 112 head presentations the 
frontal bones passed under the parietals in 105: 
one frontal was pushed over and the other under the 
parietals in 6: and both frontale overrode the parie- 
tal bones in only one. In 156 head presentations 
the posterior parietal bone lay deeper in 79, the 
anterior in 36, and no difference was found in 41. 
In 42 cases the anterior frontal bone lay deeper 
in one half, and the posterior in the other half. 
MUELLER (1396) especially confirms OLUTLkUUEN' S main 
conclusions for the occipito -posterior positions 
of the head. MURRAY (1838), accounts for the de- 
formation of the head by a sliding of the oc "l.pital 
and frontal bones under the parietals. D7 °FIr TFUX 
(19011 , in observations which were made during en- 
gagement of the head, found in 110 cases the anterior 
parietal over the posterior in 39, the reverse in 
37, and. rio )verriding in 34. DE SEIGPdEUX, further, 
quotes K_EIS (ex litt.) who found under similar con- 
ditions the anterior parietal overriding the pos- 
terior 43 times, the posterior over the anterior 31 
times, and an absence of overriding 26 times, in 100 
cases. FABRF (1910) considers it normal for the 
occipital and frontal bones to be pushed under the 
parietals,/ 
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parietals, and for one parietal to override the 
other. From these observations it is clear that 
by far the most frequent arrangement is the retreat 
of the frontal and occipital bones under the parie- 
tais, the anterior of which usually overrides the 
posterior. 
Turning next to the general change of 
shape which the head undergoes in labour, it is nec- 
essary first of all to refer to the findings of 
STADFELDT (1861) and RUNGE (1890). Both obstet- 
ricians have stated an innate asymmetry of the skull - 
to be present prior to labour. STADFELDT describes 
the asymmetry as a greater prominence and rotundity 
of the left side of the head as compared with the 
right, which is confirmed by RUNGE who adds that 
the distance from the occipital protuberance to the 
parietal tuberosity is less on the left side than 
it is on the right. STADFELDT says that this 
"physiological asymmetry" is observed as early as 
the sixth month of pregnancy, and is inependent 
of the processes of labour. The physiological 
asymmetry, as it is described by these authors, is 
precisely contrary to the asymmetry which is the 
associate of labour. The greater development of 
the 
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the left side of the head in the former is apparently 
correlated with the greater frequency of right -hand- 
edness. I am not aware of any extended observations 
in the extent of innate asymmetry before labour, and 
it is therefore impossible here to determine its 
counteracting effect on parturient asymmetry. 
DOHRN (1864) carefully investigated the 
general results of the deformation of the head in 
labour. He showed that the anterior lying; side 
of the 1-ead is deepened and rounded, while the pos- 
terior is flattened, and that, in addition, there 
is a lateral "shoving" of the head, so as to give it ' 
an obliquely distorted appearance, when it is viewed 
from behind or before. This oblique distortion 
which DUNCAN (1868) called a "shear" was found by 
DOHRN in 38 out of 40 heads examined after birth. 
In the left occi Tito- anterior position the lateral 
displacement amounted to 5.3 mm., and in the right 
occipito- posterior to a. greater amount - 6.6 mm. 
BARNES (1865) emphasised what he called the screw - 
distortion of the head, and divided the deformity 
into three components - elongation, asymmetrical 
flattening, and twisting of the conified portion of 
the head around its axis. OLSHAUSEN (1870) also 
describes the torsion of the head, and states that 
the/ 
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the posterior surface of the occiput and the entire 
frontal region become flattened, the latter to a 
more or less extreme degree, which generally confirms 
STADFELDT'S view, expressed in 1861, that the oeci- 
pito- frontal diameter is much reduced by moulding, 
while a lesser reduction occurs in the posterior 
bi- parietal region. LABAT (1881) holds views 
which in some ways contradict the preceding. The 
anterior parietal bone is displaced backwards to- 
wards the middle line of the pelvis, while the pos- 
terior parietal scarcely changes its position. 
There is also a movement of the parietal in an antero- 
to anter- 
ior varietal being displaced towards the occipital. 
But LABAT adds that the flattening and displacement 
of the anterior parietal bone which he describes 
occurs during internal rotation. It is therefore 
rather different in its nature and origin from the 
deformity described by most observers. BERTHAUT 
(1907) has made simila?° researches, and is in com- 
plete agreement with LAR.AT. BERTHAUT sums up the 
changes as a rounding, flattening, and bulging of 
the head, and he considers the greatest deformities 
to appear in the oblique positions of the head, es- 
pecially in the long rotation of the occipito -pos- 
terior 
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posterior positions and to be absent in the primitive 
occipito- sacral position. It is apparent that in 
this instance BERTHAUT is referring more particularly 
to the deformities described by LARAT, and not en- 
tirely to those especially associated with the name 
of DOHRN. MURRAY (1888) practically investigated 
the potential deformations of the head in connection 
with his theory of the axis- traction forceps. The 
author found the head most compressible antero- 
posteri.orly. mhe reduction of the long diameter 
of the head was compensated for not by an increase 
of the transverse diameter, but by an elongation 
of the skull approximately in the axis of the pelvic 
canal. Incidentally the late Dr. Milne Murray 
was, perhaps, the earliest obstetrician to grasp 
the significant value of moulding, and to describe 
tersely and clearly the mechanically important aspect 
of FEHJ,ING' S "compensatory deformation". In the 
elegant phrasing of FABRE (1910), "the head is 
malleable and reducible The cephalic mass 
is nearly Incompressible and, as a general rule, the 
diameters perpendicular to those compressed extend ". 
From OLSHAUSEN (1870) to MUELLER (1907) the specific 
character of the moulding for each position and 
presentation of the head has been recognised, and 
its/ 
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its diagnostic importance is admitted. In a vertex 
presentation the forehead is depressed, and com- 
pressed, the Posterior surface of the occiput is 
flattened, the right and anterior parietal is bulged 
and projected towards the occiput, the posterior 
.parietal is flattened, while the head as a whole 
is elongated towards the vertex, and obliouely dis- 
torted from left to right and from base to apex. 
In the occipito -posterior position, with vertex 
presentation and after short rotation, the moulding, 
just described and characteristic of the occipito- 
anterior Josition, is greatly exarated. along the 
same lines, the elongation of the head being espec- 
ially notable. In the same position, with a presen- 
tation of the anterior fontanelle and after short 
rotation, the frontal end anterior parietal regions 
are bulged, while the posterior parietal and occi- 
pital parts are depressed and, compressed. The 
moulding otherwise is similar to that first described:. 
In forehead presentations, whether in the occipito- 
anterior or occipito -posterior positions, the frons 
is the centre of the presentation, and is thearea 
of greatest protrusion, the head and face sloping 
away from the frons and being compressed and de- 
pressed 
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depressed roughly in proportion to their distance 
from the forehead. In face presentations, the 
frontal bones are projected forwards, while the 
occipital bone is recurved on itself and thrown be- 
hind. At the same time the parietal region is de- 
pressed medially and bulged laterally, with as a 
result - the "sugar -loaf head" (FABRE 1910). The 
aftercoming head is on the whole dome-like. The 
greatest circumference of the head is constricted 
to proportions corresponding more or less with those 
of the cephalic base, while the vertical diameters 
are lengthened over a much greater area than is the 
ease in a vertex presentation, or, n other words, 
the head is round rather than cuneicorm. These 
descriptions are taken partly from personal obser- 
vation, and partly from descriptions and figures of 
which many have been pib lished in periodicals and 
textbooks. But it cannot be too strongly affirmed 
they are descriptions of the appearances after birth, 
and it by no means follows that the forms of moulding 
are, in all respects, similar prior to the occurrence 
of internal rotation. 
Though it is convenient, and to a limited 
extent proper, to regard moulding as the third move- 
ment of flexion, it may appear at an early stage, 
even/ 
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even when the relative proportions of head and canal 
are easy. According to POLOSSON (1892), VARNIER 
(1900), HIT ST (1900), and AHLFELD (1903), who have 
referred distinctly to the matter, moulding of the 
head may begin at the brim of the pelvis even under 
normal relations. DOHRN (1864) and BARNES (1865) 
were of the same opinion; and though they were pro- 
bably correct in their observations, it is certain 
that their premises were wrong. There is no reason 
however, why moulding should not occur at an earlier 
period, if we suppose descent into the pelvis to be 
delayed till the last moment, and the head to be 
large enough to distend the lower uterine segment. 
And of course, when the brim is contracted - the 
commonest form of pelvic dystocia - the normal 
head must necessarily be moulded, and often very 
severely compressed in order to pass. But, when 
the proportions of head and pelvis are normal, 
moulding is very slight until the head descends into 
the lower part of the canal, that is to say, gener- 
ally in the second stage. t some obscure level 
of that part of the canal moulding reaches its maxi- 
mum development. For RUNGE (1390) and HART (1912) 
it is the pelvic floor - which is too indefinite. 
LAí3AT and BERTHAUT consider it to take place before 
the/ 
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the outlet is reached and during the period of in- 
t °rnal rotation. POLOSSON (1892) fixes the level 
at the bony outlet. Others have favoured a still 
lower level, but as that appears to me normally 
to be included in the phenomena of extension, I 
shall consider it separately. If RITCHIE'S views 
on flexion are held to include moulding, and I think 
they probably did, then his dictum that flexion in- 
creases up to the moment at which internal rotation 
begins apoears to me to be i ncontestáble, as the 
most frequently occurring event and as a piece of 
well- found clinical evidence. I shall hope to 
show that internal rotation occurs most often in the 
lower division of the superior portion of the pelvic 
canal, and it is there that, in my experience, the 
greatest develop'lent of moulding - as a fl exione.l. 
movement - is most often observed. This level ii 
the pelvic canal corresponds very closely to th': 
given by OLSHAUSEN (1870) for the same effect. The 
first movement of flexion persists properly until 
the birth of the forehead: within the lower part 
of the superior portion of the pelvic canal the 
second and third movements reach their greatest 
development and begin to resolve themselves into the 
movements/ 
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movements of extension. As a rule, the change coin- 
cides with the beginning of internal rotation, and 
in that event is seen in its purest form. But, 
in some cases internal rotation is delayed to a 
lower level, and we then find the mechanism, in this 
respect, complicated by a variable admixture of per- 
sistent flexional and newly arisen extensional move- 
ments. It is then impossible to say that nnulding - 
strictly flexional moulding - attains its greatest 
development just previous to internal rotation, but 
it disappears at a more rapid rate after rotation 
is completed than it was doing before. Yore rarely, 
internal rotation is carried out at a higher level 
within the pelvic canal. Flexional moulding then 
rapidly diminishes with internal rotation, but the 
second movement of flexion is preserved, and may 
continue to increase until the out l of of the 
superior moiety of the canal is passed. In primi- 
tive occipito -pubic and occipito- sacral positions 
the moulding appears to correspond closely in charac- 
ter to that observed in normal extension, with the 
exception that, so far as I can gather, the com- 
pression and depression of the sinciput and of the 
posterior surface of the occiput are much more severe. 
It/ 
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It will thus be seen that the most significant char- 
acters of the third movement of flexion, When the 
position of the head within the pelvis is oblique, 
are the oblique distortion of the head and the 
apparent twisting of the elongated head around its 
axis. When these phenomena disappear, there re- 
mains little or nothing to distinguish the form of 
the head from that usually observed during the move- 
ments of extension which will be considered at a 
later stage. 
.5. When we proceed to consider the several 
theories of the mechanism of flexion, we are immed- 
iately faced by the circumstances that the historic 
authors regarded flexion as a unique phenomenon, 
and did not alvrays,so it would appear, educe correct- 
ly the true nature of their experiences. Thus it 
happens, as I have already suggested, two authors 
may assign two different natures and origins to two 
entirely similar events, or the same authors may 
ascribe the same nature and origin to a pair of 
movements that are essentially unlike, though of 
course the movements readily group.themselves under 
the one term - flexion. Hence a review of the 
various 
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various explanations must evidently be of a general 
character, and indeed it is possible only here and 
there to assort the phenomena, and post hoc to remit 
to each the appropriate cause. 
In the very beginning of all considerations' 
relative to flexion stands PAJOT'S Law of accome- 
dation which, though it does not amount to an ex- 
planation, is yet the most complete and precise 
account or the phenomena that we have. "When a solid 
"body is contained in another, if the container 
"is the seat or alternate movement and repose, if 
"the surfaces are slippery, then the contained will 
"tend without cease to accommodate its form and its 
"dimensions to the form and capacity or the container'," 
(TARNIER and CHANTREUIL 18R2). It is surely obvious,' 
however, that PAJOT'S Law is no-*xplanation of 
flexion, and far less is it the definition of a causil.. 
So also, the tendency of an "ellipsoid ", or a "pro - 
if/3 spheroid" (SCHATZ 1890, GALABIN 1875) to become 
synaxonal with the canal is not an explanation, but 
merely a description of the most probable event. It 
would not have been necessary to mention these pre- 
liminary considerations, had not some obstetricians 
expressed the view that the discovery of the fact, or 
rather the probability of accommodation is, in this 
connections 
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connection, the legitimate end of scientific en- 
quiry. We desire to find out the means to an end, 
and the mode of its action, whereby the changes, of 
which the law of accommodation is the expression, 
become accomplished facts. 
Some form of the so- called lever -theory 
seems to have been the earliest explanation offered 
to account for flexion. The lever -theory dates 
back to the latter half of the eighteenth century. 
It is noteworthy that SMELLIE (1752-2::64), so far 
as I can find out, expressed no opinion on the 
production of flexion. SOLAYR'S (1771), apparently 
for the first time, stated the lever theory. 
According to SCHROEDER (1836), however, WIGAND ori- 
g hated the idea. But WIGAND lived on the whole 
at a later period than SOLAYRS, and the GEBURT 
DES MENS'CHEN did not appear till l8;,:ß VALTORTA 
(1912) attributes the theory to ASDRLBALI who is 
stated in the Dictionary of International Biography 
to have been "a flourishing physician in the middle 
of the eighteenth century ", and who, therefore, 
possibly preceded SOLAYRtS in the discovery. The 
views of SOLAYRS, according to PLAYFAIR (1880 ) 
were that pressure is transmitted through the fetal 
spine/ 
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spine to the head at a point which is nearer the 
occipital than the sincipital pole. In conse- 
quence, the relative lengths of the skull before 
and behind the articulation of the skull are un- 
equal, and, the resistance below the skull being 
everywhere the same, the effect of pressure, exer- 
cised from below on the anterior part (fetal) of 
the skull, will be greater th?n that on the pos- 
terior. As a result the occiput descends and the 
sinciput is pressed upwards. As long as the 
validity of fetal -axis pressure was not questioned 
the lever theory of flexion was generally accepted 
as an adesuate explanation of the )henomenon. 
Various obstetricians modified the theory more or 
less, but they did not do away with its essential 
principle. CAPURON (1316) does not seem to have 
recognised the lever theory as such, and values 
especially the concentration of uterine pressure an 
one end of the head. PUBOIS(1334)dwells on the 
influence of the walls of the cavity, especially 
the form of the uterine orifice in causing flexion, 
and therein he is entitled to the credit of antici- 
pating the views of the following years.- JACQUEV IER 
(1346)/ 
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(1846) attributes flexion mostly to the resistance 
offered by the cavity of the : pelvis. GUILLEMOT 
(1837) advocates a theory of flexion which in struc- 
ture, if not in time, is more primitive. The in- 
clined plane of the cervix posteriorly causes flexion 
by its resistance to the sinciput, in the occipito - 
anterior position of the head; and extension in the 
occipito posterior position, by a restraining effect 
exercised on the occiput. This result is partially 
attained during pregnancy, and the uterine contrae- 
tions mate the flexion more complete, for then the 
rounded occiput receives all the force of the uterus. 
In the occipito -posterior positions flexion is at 
first not present, but it is eventually produced 
and advanced to an exaggerated degree, owing to the 
uterine pressure forcing the forehead forwards and 
upwards, and allowing the occiput to descend towards 
the centre of the pelvis. Thus, GUILLEMOT clearly 
distinguishes a mechanism operative in pregnancy 
from one acting in labour, and. in his account of the 
occipito- posteriors, he not only accurately describes 
the usual clinical course of events, but seems to 
have arrived very near to the truth regarding its 
origin, though of course an adherence to fetal - 
axis pressure and a mistaken substitution of the second- 
ary/ 
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secondary for the real primary effect mars the com- 
plete effectiveness of the explanation. DOHRN (1364 ) 
describes a mechanism of flexion - if I understand 
correctly, as the normal mode - which to all appear- 
ances is that., really of flat pelvis, and is, after 
all, rather a descriptive account than the discovery 
of a cause. DOHRN considered the head to be arres- 
ted on and marked by the promontory; and that, if 
this portion of the head is .w hed forwards, the 
occiput descends and flexion appears, while, in the 
event of it being directed backwards, the forehead 
descends and extension is produced. Apart from the 
circumstance that no explanation is given why the 
direction of movement is sometimes one way and some- 
times the other, it was long since agreed that the 
ICI conditions which DOHRN attributed to the promontory 
are really due to other causes, and that his descrip- 
tion does not apply to the ordinary passage of the 
brim (DUNCAN 1868 and others). RITCHIE (188 5) 
made an important advance by denying the truth of 
the lever theory, and at the same time he fore - 
shadowed LAWS theory of the general- contents pres- 
sure. RITCHIE states that, before the waters break, 
the intrauterine pressure is developed equally all 
over/ 
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over the head, and, after the waters break, the head 
acts as a plug preventing the escape of the amniotic 
fluid, so that the pressure continues to be general 
all over the head. Hence, according to RITCHIE 
uterine pressure, is applied not in the axis of the 
fetus, but in the axis of the uterus. These views, 
if correct, amount to the denial of one of the fac- 
tors ofthe lever theory - fetal -axis pressure - 
and they have been abundantly confirmed by the re- 
searches of LAHS and other investigators. The 
abolition of the lever- theory, however, led RITCHIE 
into an impasse from which he retreated rather 
lamely by supposing the fact that the sum of the 
pressures on the child's head in front of the spine 
is greater than it is behind, is a sufficient cause 
or explanation of the mechanism of flexion. The 
next contributor to the theory of flexion was LAHS 
(1870 -1877), the originality of whose views, to- 
gether with the fullness and skill with which they 
were explained, soon led to a special recognition 
of their later form as the wedge or tangential 
theory of flexion, though these names by no means 
include all the factors that LAHS postulated. In 
passing, it is worth noting that one of LAHS'S fac- 
tors/ 
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factors for the production of flexion was antici- 
pated by HUBERT (1858). HUBERT states that "if a 
propulsive force is exercised centrally on a mobile, 
and there be resisting forces not directly opposite 
each other but at different levels, rotation occurs" 
(PARVIN 1894). This is apparently the mechanism of 
flexion for HUBERT, and it corresponds in principle 
to that given by LAHS for his third factor, (1870) 
and it is subject to a similar criticism. 
f6. LAHS begins by reaffirming his belief, ex- 
pressed for the first time in 1369, in the theory 
of the general -contents pressure, and therewith in 
the relative inefficiency of fetal -axis pressure. 
LAHS then gives, as the first of the three known 
factors of flexion, the lever theory - in a form 
slightly modified from that of SOLAYRaS, for he 
writes, in effect, that in the upright position of 
the mother the body of the fetus owing to its 
higher specific gravity, the greater shortness of 
the occipital lever, and the equal resistance acting 
on/ 
According to VALTORTA (1912) INVERARDI advocated 
a theory of flexion which is identical to HUBERT°S 
but I am unable to say when this was done. 
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on the frontal and occipital poles of the head, 
causes a deeper descent of the occiput and the app?i- 
cation of the chin to the breast. This, the first 
factor, acts all through the second stage as long 
as the weight of the body of the fetus acts on the 
skull. 
When the occiput is deeper than the sinci- 
put, the girdle of resistance is no longer at right 
angles to the axis of the canal, but is inclined to- 
wards the occipital side. Hence, the weight of 
the uterine contents is greater on the occiput 
than on the sinciput. This constitutes the second 
factor of flexion. 
The resistance of the elastic walls of the 
canal forms the third factor, and it is able to op- 
erate, because in most cases the direction of the 
girdle of resistance is oblique. 
A levelling movement occurs as the 
occiput connes under the pubic arch, and is due to 
pressure being then concentrated more upon the sin- 
ciput. t'.rhenever this movement occurs the first 
factor alone operates to maintain flexion. 
In the dorsal position, the forehead comes 
deeper because the greatest weight of the fetus 
acts on the parietal tuberosities which meet with 
increased/ 
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increased friction on the pelvic floor. This point 
becomes the fulcrum of a one -armed lever, and the 
weight of the fetus causes the forehead to descend. 
rThe general- contents pressure acting perpendicular 
to the girdle also brings down the forehead.. The 
descent of th forehead is then due to the point 
of contact with the floor being equidistant from 
the two poles of the head. In the erect position, 
on the other hand, the occiput usually descends 
more because of the greater column of fluid pressure 
it has to bear. 
In the flat pelvis with transverse entry, 
NAEGELE obliquity, and the fontanelles level, or the 
great deeper than the small fontanelle, general -con- 
tents :reg.--.,,re is heavier anteriorly. The two 
lover (Fic; . I ) 
pig. 1. (IaAHs). 
arms 
arms a c and a 6 are unequal and 6 sinks, while c 
moves away from the inlet. The movement begins, 
when the general- contents pressure is higher t-ian 
the pressure of the head against its resistances, 
and is dependent on the form of the head and on 
the position of the girdle. 
In anterior parietal and forehead presen- 
tations, the anterior Parts of the parietal region 
and the forehead tend to flatten, and to lessen 
the surface angles: in face presentations, the postern 
lateral wall pushes the chin forwards to the middle 
of the canal, and the event is hastened by the vaginal 
canal widening from inlet to outlet. 
In 1872, LAHS discusses the influence of 
gravity on the pressure at the lower end of the 
column of fluid, and adduces a reason why it must 
be of less importance than the general-contents 
pressure. 
In 1877, he published that theory of flex- 
ion Which is best known. In the lateral posture 
the first factor of 1370 does not act so as to 
cause flexion. In the left lateral posture and 
the left occipito- anterior position, the weight of 
the contents drives the occiput against the left 
lateral 
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lateral wall of the canal. The occiput is exposed 
to greater friction as a result, hence the sinciput 
tends to come down. Secondly, the resistance 
offered to the trunk of the fetus inside the uterus 
acts through the neck and holds back the occiput, 
the retentive power acting on the sinciput being 
to that acting )n the occiput as one to two. In 
the right lateral posture with the head as before, 
both tige occiput and the sinciput are held back 
equally. With the addition of the effect of the 
slope of the girdle, the result is that in the left 
lat ;rai posture the occiput comes deeper, in the 
right lateral the forehead comes deeper. 
Fetal - water - pressure + frictional resis- 
tance = more pressure on the occiput in the left 
lateral posture and the left occipito- anterior 
position. Fetalwater- Pressure + frictional resis- 
tance = more pressure on the sinciput in the right 
lateral posture and the left occipito- anterior 
position. In the pains the general- contents pres- 
sure has to be added. But, as it acts equally all 
over the head, its addition makes no difference to 
the nature of the result which it flexion, if the 
head is round. The head, however, is always an 
oval/ 
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oval, and its shape constitutes the fourth factor 
(1877) of flexion. In the diagram (Fig. 2.), 
2. 
the head i s represented in transverse entry with 
the fontanelles level, the os being about 6 cm.in 
diameter. The general- contents pressure acts. 
The head is a wedge whose surfaces are found through 
the tangents which are drawn to the surfaces of the 
head lying immediately over the os. The tangents 
are a d and. b 1. The pressure acts in the di- 
rection of the parallels a e and b f perpendicular 
to the surface of the os. The surface b 1 presses 
downward proportionately, as the angle 1 b f is 
sma2.ler than t, ̂e an le c a d, that is, the occiput 
descends. 
LAHS also illustrates the mechanism as 
the os opens wider. In Fig. 3. the os is widened 
to/ 
318. 
to c cl from a b and drawn back. 
Pig. 3. (LANs) 
The widening results in a descent of the 
head on the side a to e, on the side b to f. On 
the side b the descent of the occiput is greater, 
which LAHS attributes to the wedge -shape of the head. 
LAHS directly transfers the effect of the angles to 
the general -contents pressure, saying that, if the 
angles are as 1:2, then the general -contents pressure 
will be as 1:2 on the sinciput and occiput, and he 
sums up the total effect of body frictional resis- 
tance, head frictional resistance, fetal- water -pres- 
sure, general- contents pressure, and the effect on 
the latter of the tangential angles, as being in the 
left -lateral position as 10:5 on occiput and sinci- 
put 
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sinciput, and in the right lateral posture as 10 :6. 
LAHS further holds that the tangential theory makes 
the occurrence of flexion independent of the lie of 
the parturient woman. 
In the knee-elbow position, the greater 
specific gravity of the fetus restrains the occiput. 
Its action, however, is never great, and becomes 
less as labour advances. The effect of fetal - 
water pressure is present as long as the girdle of 
resistance is oblioue, and is greatest at the level 
marked II in Fig. 4. 
Fig. 4. (LAHS). 
In the knee -elbow position, th^ weight of 
the contents is passive and the pains are weaker. 
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,d7. In 1870 LAHS depends for the initial pro- 
duction of flexion on the greater specific gravity 
of the fetus, that is when the mother is in the more 
or less erect posture. According to LAHS 1877, 
the specific gravity of the fetus is 1030, while 
that of the liquor amnil. is 1015; and it is on these 
figures that the author builds his superstructure. 
It does not appear, however, that the ratio of the 
st)ecific gravities is by any means constant. Cer- 
tain preparations make this clear. mhe figures 
reproduced by VARNI!,R (1900) from the earlier months 
of pregnancy show the fetus floating in the upper 
part of the uterine cavity - a circumstance to which 
VARNIER draws attention. WILLIAMS (1912) gives a 
photograph of a frozen section from the first stage. 
It shows the amniotic fluid in the lower part of 
the canal, and the fetus as high up as it could go. 
While this section does not necessarily indicate 
an inversion of LAHS'S idea of ratio of the specific 
gravities, it shows that circumstances, more powerful 
than the specific gravity, must have acted to raise 
the fetus from the position it occupied under pres- 
sure, during life. It has not been shown, even if 
LAHS is right about the specific gravities, that the 
difference n 
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difference which he records is sufficient to bring 
about flexion under ntra- uterine conditions. The 
resultant from the greater specific gravity is so 
slight, and the opportunities for recoil are so great, 
that it does not appear certain that the greater 
s necific gravity of the fetus could exercise suffi- 
ciently continued pressure to produce and maintain 
the first movement of flexion. The first factor 
for the production of flexion is therefore deficient 
in some respects, and, as it is stipulated by LAHS 
(1870) to be primariiv essential to the operation of 
the other fsctors, its defects are sufficient to 
open the whole 1870 theory to suspicion. 
If, however, we suppose the first movement 
of flexion to be completed, we can think of the mech- 
anism of the second factor. This is due solely to 
the different weights of the column of fluid on 
the fore and hind parts of the bead. mhe difference 
iienends on the amount of inclination of the girdle 
of resistance. Of the possible efficiency of the 
second factor, we have direct cvid ente . Even_ in 
multinarae, in whom the resistances are often slight, 
it cannot be said that the normal head descends to 
any annreciable ne-tent between two pains (in the 
squatting' 
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squatting position). All that the force of gravity 
may then do is to maintain the head. in that position 
to which it had advanced in the preceding pain. So 
limited a capacity i^ not always evident: indeed, 
it is frequently annulled by other circumstances. 
Hence, so long as the head is stationary or re- 
trograding, an increase of flexion is hardly possible 
by the action of gravity. And as the evidence of 
this action is difficult to find in the intervals, 
it is unlikely to have much value during the pains. 
If however, the effectiveness of the fetal - 
Water pressure acting on the inclined plane of the 
girdle is admitted, it can easily be shown that the 
efficiency of the mechanism is proportional to its 
uselerIsness. Plie weight of the column of' fluid 
acting on the plane of the girdle of contact cannot 
be unequably distributed over that plane as a Con- 
stant phenomenon (This is admitted. indirectly by 
LAHS) . In the Primitive deflexion of the head, 
accepted by many authors, an absolute horI ontality 
of the contact girdle to the long axis of the uterus 
must arise, at least sometimes. . Then this condition 
appears, the weight of the uterine contents must be 
equally distributed over the whole of the plane of 




are every 'There erival (ore of the Dostulates of LANS ) 
it is difficult to gee how flexion can arise. If 
the weight of the column bears more heavily rear 
the sinciput than it does near the occiput, extension 
in some degree is already present, but the distri- 
bution of the weight is such as inevitably to in- 
crease rather than to diminish the deflexion. If, 
on the other hand, the weight of the column is less 
on the anterior part of the plane of the girdle than 
it is on the rocterior, then an element of flexion 
is already present. "'hen the degree of flexion is 
very slight, the differences in the weight or' the 
column are very slight, and their effect in producing 
flexion correspondingly small. "Then. however, 
flexion is already well advanced, the differences 
of weight are greater, and the production of increased 
flexion_ more easy. Thus, we are led to believe 
that, in the first and second examples, the second 
factor of LcUP will fail where the need for the pro- 
duction of flexion is greatest: in the third ex- 
ample, the need is still great, but the means are 
small: while in the fourth example, the demand for 
increased flexion is nearly exhausted, though the 
mechanism is theoretically at least, it its very 
best./ 
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best. The deduction to be made from these obser- 
vations ici that, in the second factor of flexion, 
the apnearances to which LAHS attached so much im- 
portance are incidental and not primarily essential 
to the mechanism. lough unable to initiate flexion, 
as LAHS freely admits, the conditions signified by 
the dipping of the girdle of resistance cannot in all 
probability make flexion greater. 
m e t ir$ fnetor, acoord.ing to LAITS, 
onerates in the increased production of flexion,. 
mnly when the girdle of resistance is inclined. 
The wane exercice a pressure which le perpendicular 
to the.axi.s of the canal, as long as the direction 
of the apnósed surfaces is parallel to the axis of 
the canal.. In most cases, however, that is when 
the stipulated flexion produced by the first factor 
is nr.esent, the surfaces in contact are directed 
oblieuely to the axis of the canal, and the dires - 
taon of the lines of resistance is correspondingly 
ireli_ned . Rotation of the head about a horizontal 
axis follows. To this portion of the theory, either 
as enunciated by LAHS or by HURPRT, no objection can 
be raised, so long as the theory is confined to the 
periods of uterine contractions, after the first 
movement! 
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movement of flexion has been. produced. "Then, however, 
due regard. is paid to the clinical signs of the 
periods of uterine inactivity, the third factor of 
LAHS loses much of its importance. Excepting poss- 
ibly when the resistance of the soft parts is of 
great severity, flexion does not go on increasing, 
in the interval after a pain, at the same rate as 
that at which it may have been increasing during the 
pain, and in a very lare number of instances flexion 
actually di.mini hes after the forces which consti- 
tute a pain are withdrawn, while, in the first men - 
tioned group of cases with very resistant soft parts, 
I am inclined expect the amount of flexion 
remains stationary in the interval following a pain. 
The reason of these signs in the malority of labours 
is the partial withdrawal of the head from the level, 
to Which it was forced by the preceding pain, to a 
region of the canal which has already been dilated 
to a degree in excess of the requirements of the 
horizontal nlanes of the head which now occupy it. 
Level for level, and plane for plane, there is a 
general reduction of resistance, and the reduction 
is manifested clinically by .the rising o{' the occi- 
pital pole further away ;'rem the axis of the pelvis, 
afr 
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a decrease in fact of the second movement of flexion. 
The easing of the pressure and resistance i- 
than sufficient to nullify the contractile and elas- 
tic effects of the pelvic walls. In other cases 
where retraction does not occur, and in all cases, 
where the head has descended into the lower dart 
of the superior portion of the pelvic canal, the 
disposition of the parts remains either in statu quo, 
or changes slightly in the direction of reducing the 
degree of the second movement. In laboure under 
observation, I have not been able to detect an in- 
crease of flexion during the intervals such as 
LAHS'c third factor demands. Another argument 
against the real effectiveness of the third factor 
is derived from the comparison of prirniparae and 
multiparae. How often in the former flexion in 
the sense of the second. -,rzd third movements 4 
imperfect until far on in the second. stage! In 
many multiparae flexion is frequently Perfected 
when the second stage begins: in the remainder the 
phenomena resemble those of the primipara. Yet the 
resistance of the soft parts is mainly greatest in 
the primipara, and least in the second group of mul- 
tiparae. The third factor may explain the clinical 
signs 
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signs of the last croup, but it entirely fails in 
nririparae and in the first group of multiDarae. 
That the third. factor, as announced by LAHS, though. 
it operates beyond doubt during uterine contractions, 
is in other respects unsatisfactory, is « vident from 
the differences observed between nrimiparae and mul- 
tiparae .. 
In 1877, LAHS again grapples with the dif- 
ficulty of the initial movement of flexion, and here 
he seems to be slightly inconsequent, for, after 
providing the most elaborate arrangements for the 
production of the first movement, he discovers the 
tangential theory, and makes it s.etrosoective in 
application. As the head is always oval in shape, 
the tangential theory explains the production of 
flexion from its beginning, not onl- in the lateral 
posture, but also presumably in other positions of 
the parturient roman. Of the four factors of 1877, 
the f'i rst , or fetal - water pressure, goes back to 
1870 and has been examined: the second composed of 
the frictional resistances of the head .. and the body 
is new: the third, or the general- contents pressure, 
is also old, but it appears under a new formas LAHS 
assumes a dip of the girdle of resistance ab origine: 
the fourth is the tangential theory. As regards 
the' 
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the second, LAHS appears to arrive at the ouanttties 
of frictional resistance in the head and the trunk 
by a comparison of their respective stçoerfi.cial 
areas. If this be so, then the second factor 
stands condemned, for thefri_ctional resistance is 
not proportional to the area exposed, but to the 
presiure applied. -Otherwise LAHS comes perilously 
near to SCHATZ'S negative. Form -Restitution -Force i_n 
the second factor which, i_f true, would seriously 
impair the rotative effect of the head on the shoul- 
ders, by acting in the intervals.so as to separate 
the one from the other, and by relatively retarding 
the body. during the pains, so as to diminish the 
mutually raised frictional resistance between the 
head and the body. It 7rst.be admitted, however, 
that here there are problems which have never been 
properly investigated. 
As to the tangential theory we have, in 
addition, to the explanation given by LAHS, very full 
accounts of the theory written by SIMPSON (1878) and 
HART (1379), though DR. HART subsequently denied 
the correctness of LAHS'S conception. (1887 and 
1912), SIMPSON showed that the theory applies to the 
head in RRAUNÉ'S second section, ;!rile HART experi- 
mentally demonstrated the truth of the theory (in 
itself), 
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itself) with an asymmetrical wedge placed between 
two movable 'locks of wood, and giving, the angles 
of the head in RRATTNE'S section. HART considers 
it necessary to explain the descent of the sinci- 
put under two vertical and opposite forces, the 
downward force acting on the sinciput being less 
powerful than the downward force acting on the occi- 
put, though he goes on to point out that the greatest 
pelvic resistance is offered by the posterior wall 
of the canal. HART then extends the theory to ex- 
plain a variety of conditions. 
The dipping of the forehead at the brim of 
a flat pelvis is due to the head forming a steep 
side at the promontory. In a mal -rotated occipito- 
nosterior nositior the asymmetry of the wedge is in- 
creased at the occipital Pole. During descent, the 
posterior resistance counteracts the tendency of the 
occiput'to dip. mhe head becomes impacted and is 
compressed aptero- posteriorly, thereby obliterating 
the asymmetrical wedge -shape of the head, so that 
neither the occiput nor the forehead tends to come 
down more rapidly. In a mal- rotated occipito - 
Posterior position excessive flexion in the sense of 
all three movements has to be produced, and the more 
flexion is advanced .in such a case, the more diffi- 
cult 
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difficult does its further production become, vet Dr. 
HART states - and quite correctly - that the asymmet- 
rical wedge form disappears during the process. 
The forehead in a frontal presentation is a nearly 
symmetrical !wedge (HART) . "or HART the wedge 
theory applies to face presentations and to the 
aftercomirig head, and he includes the shoulders 
and the oncoming breech as being wedge-formed. By 
subsequently denying in toto the views contained 
in his paper, as I have already observed, PR. HART 
disarms criticism. It is still necess ̂-ry, however, 
to point out the defects of the wedge theory, in 
order to clean the ray for other viers. GROOM 
(1881) was inclined to doubt the efficacy of LAHS'S 
theory from the sinal formations which he had ob- 
served in delayed occipito- posterior positions. 
RALLANTYNE (1890) gives the impression of scepticism 
regarding the primary relations of the wedge -shape 
of the head to the occurrence' of flexion, and he 
points out that the movement of flexion increases 
the wedge -shape of the head, both by the change in 
the form and position of the head, and as well by 
the growth of the canut succedaneunm. BALLANTYNE 
thus prepares the way for the view that the wedge - 
shape of the head is a consequence and not a cluse 
of'` 
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of flexion, or, an I prefer to :out it, as a possible 
or tranni.ent consequence of the necessity for flexion 
when the two fontanelles are in one horizontal plane 
there is no satisfactory evidenceto show that one 
end of the heed is in all cases steeper than the 
other. In one of BARBOUR'S coronal sections in 
which the head is In this position, there is no 
appreciable difference between the tangential angles 
of the two ends of the head. In this cave the wedge 
theory arrears to be inoperative. Were the theory 
of LAHS the cauce of flexion, we should expect all 
pr rsistent occipito- posteriors to be born by exten- 
sion, wherean we know that most are born by flexion. 
The shoulders and the breech form even. clearer ob- 
jections to the theory. Both are symmetrically 
formed. There Ill no primitive wedge-shape. On 
the contrary, the asymmetrical wedge -shape appears 
secondarily in the course of the mechanism of labour. 
Yet, both behave mechanically in labour very simi- 
larly to the head. The fact, moreover, that the 
asvmmetrl.cal wedge- shape, while flexion is being 
produced, increases in some cases and diminishes 
in others, is nrecumptive evidence against the wedge 
theory as an efficient cauce of flexion. 
stet' 
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t8 In the decades which followed the seventh 
no one - minder: advocates of thee theory of LAHS appear 
to have been forthcoming with the excertion of the 
two authors I rave named, and the theory itself 
fell rioYe or less into oblivion. But the effect 
remained, and can be felt as an end.ercurrent through 
many of the later views. No '?_oubt, to some extent, 
this curious state of affairs is due to a partial 
or apparently complete acceptance of the theory of 
the general- contents Pressure, for whenever the 
latter theory is admitted, the explanation of flexion 
becomes a matter of difficulty. The history of 
the etr.zggle which followed between the theories 
of the een_eral- contents pressure and the fetal -axis- 
nrer ure brings out how difficult it is to be done 
with the old and to begin with the new. Where the 
former theory was denied or but little believed, 
the lever theory remained good enough to explain 
flexion: where the theory of the general- contents 
pressure was more or lees fully admitted, the lever 
theory was adhered to almost pathetically and was 
modified, sometimes cn'lte unintelligibly, to nuit 
the altered circumstances. SOLAYRIS I believe 
and LAHS certainly considered the resistances to be 
uniform in character - a uniformity which was an ass -! 
ontial/ 
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essential part of their respective theories of flex - 
ion - and thl ;r sought the primary cause of flexion 
in the fetus. The of the former became inept 
owing to the recognition of the truth of the general - 
contents pressure;, the theory of the latter mainly 
owing ta the outspoken variability of the fetus. 
Attention thus came to be concentrated oit the nature. 
of the resistances, in which FOTHERGILL (1900) 
finds "the true cause" of flexion, although as I 
have partly shown similar views were expressed long 
before 1870. Since that time, a.i.most every variety 
of opinion has been recorded. The upholders of 
fetal -axis -pressure, as .light be expected, attribute 
flexion to the lever theory, and they form the 
majority of those of whose writings I have noter.. 
They include LEI``'HMAN (1876), BARNES (1885), BAYER 
(1885), CROUZAT (1887), LUSK (1891), MARX (1892), 
DESSAIGNES (1894) DUHRRSEN (1896), JEWETT (1899), 
HENKEL (1902), GARRIGUES (1902), OLSHAUSEN (1906), 
and VALTORTA (1912). SPIEGELBERG (1882) and 
TWEEDY and WRENCH (1910) add to the lever -- theory 
the shape of the o ì11c1' s head that is the wedge 
theory of LAHS. TARNIER 1882 and SCHAEFFER (1899) 
combine the lever- theory with the third factor of 
LAHS/ 
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LAHS (1870). GALABIN and BLACKER (1910) add to these 
the resistances in the canal. For SCHATZ (1890) 
and SELLHEIM (1904), the third factor of LAHS (1870) 
is the cause of flexion together with the ellipsoidal 
form of the head. PLAYFAIR (1880 and 1886) be- 
lieved the general -contents pressure to operate 
a modified form of the lever principle in the first 
,stage, and the lever theory to apply to the second, 
under both the general- contents pressure and the 
pressure in the axis of the fetus. JELLETT (1905) 
states flexion to be produced either by the general- 
contents pressure acting against the resistances, 
or by fetal -axis pressure and the lever theory. 
HODGE (1870), CASEAUX (1876), PARVIN (1894), NORRIS . 
and DICKINSON (1896), AHLFELD (1903), and FABRE (1910) 
'postulate the lever-theory and the resistances of 
the canal. Lastly, the special nature of the re- 
sistances is the princOla factor for STEPHENSON 
(1881), FRY (1888), ZWEIFEL (1890), POLOSSON (1892), 
PARISOT (1893), FOTHERGILL (1900), WEBSTER (1903), 
and SELLHEIM (1907) . The last cited vier perhaps 
comes nearest to the truth, but there are other con- 
siderations which have to be taken into account, 
as they appear to be intimately connected with the 
production/ 
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production of flexion. SELLHEIM, in 1904, showed 
experimentally that a head, when it is placed in a 
glass cylinder, is flexed according to the degree 
of tightness of the fit, and that the pressure of an 
elastic canal presses both poles of the read towards 
the centre of'the cavity.he author's views are set 
forth more fully in 1907. If the bead is supported 
by a plane surface, the head comes to a medium 
position between flexion and extension, or at any 
rate to a position, where the apposed surface of the 
head is horizontal when the plane is horizontal. 
And, if the head is inserted into a conical cavity, 
the head sinks in such a way that the occiput moves 
towards the middle of the cavity, thus producing 
the flexion and the dipping of the occiput of most 
observers, and my first and second movements. 
SELLHEIU further shows that this attitude is one of 
constraint, and that, if the fetus has Plenty of 
room, the head presentation is easily converted 
(under SELLHEIM' S experimental conditions) into a 
face presentation in the cavity. As factors in 
pregnancy, SELLH EIM (1907) postulates the position 
of the woman, the lie of the fetus, and the form 
of the surfaces lying below and applied to the 
head of the fetus. These cause the head to take 
up/ 
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up a medium position between flexion and extension, 
the antra- uterine attitude being, however, unstable. 
''ßf7 th descent during labour, flexion is improved and 
ultimately completed by factors which, to the best 
of my belief, are the ellipsoidal form of the head 
and the conical form of the cavity. 
Against the sufficiency of these viers for 
the period of labour it may do to state two objec- 
tions. Before the cervical canal is fully dilated 
the cervix is moulded by the head, and ordinarily 
is not conical in form. Further, so long as the 
two fontanelles remain nearly on a level with each 
other, the cervix retains a form which comes nearer 
to that of a plane surface than a cone. And it 
is only when circumstances (such as relative dispro- 
portion of the head and pelvis, early rupture of 
the membranes, or a deficiency of the liquor amniì) 
favour the descent of the o .cipital pole through 
the os externum, that the cervix assumes an evident 
conical form. After the cervix is fully dilated, 
the head escapes from it either in the primitive 
position of the first mmvement, or else it returns 
to the primitive position for a time. During the 
descent continued in the second stage, the second 
movement 
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movement is usually not wel], developed until the out- 
let of the supnr,or portion of the pelvic canal is 
nearly reached, and, before this happens, the soft 
parts of the vagina, more or less according to their 
degree of "active dilation ", are moulded on the head 
and follow the changes of its position, being more 
planiform at first and more coniforin at length. 
Thus it seems more probable on clinical evidence 
alone that the ultimate conicity of the cervix and 
vagina follows and does not precede the better 
flexion of the head, and therefore cannot be a cause 
of flexion in the sense of the second movement. 
SELLHEI('S experiments and explanations 
do not give an adequate vier of the differences 
Which are observed between the mechanisms of descent 
of the head in the occipito- anterior, and of the 
head in the occinito- posterior positions. A charac- 
teristic feature of the mechanism of the latter 
position is the delay arising in the production of 
flexion. Were the conic form and the elasticity 
of the passage a sufficient cause, flexion (or indeed 
for that matter extension) ought to be produced as 
readily and as quickly as it is in the mechanism'of 
the occinito- anterior positions. As it is, the 
observed/ 
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observed differences between the two positions afford 
a clue to a better understanding of the movements 
of flexion. 
9. For the i)roduction !raf eel tAli.c rlexion, as 
it is observed, three fetal provisions are essential, 
namely, the ability of the head to rotate about an 
internal horizontal axis, a capacity to revolve 
about a horizontal axis which is external to the 
head, and a submissiveness to compensatory defor- 
mation. These are the intrinsic factors: the others 
are extrinsic, and they are different in Pregnancy 
and in labour. 
During Pregnancy, the factors appear to 
be 
1. The reflex activity of the living and 
healthy fetus, whereby the chin is applied 
to the sternum at an early stage of the 
pregnancy, and maintained there to the 
last. 
2. The contact of the forehead with 
a resistance, whenever and wherever it may 
be brought about. Usually, the movement - 
takes place during the engagement of the 
head in the pelvic canal, 1ihen the head is 
expo sed/ 
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exposed to pressure from above resulting 
from the action of the forces impelling the 
lower pole of the uterus into the canal, 
and to the resistances acting from below 
and within the canal. There being a 
partial solution of continuity between the 
head and the body of the fetus, the resul- 
tant is the application of the chin to the 
sternum, provided that the uterine walls 
are in contact with the body of the fetus 
without the intervention of the amniotic 
fluid. 
These two factors are probably able to pro- 
duce the first movement of flexion only. Engagement 
during pregnancy seldom takes place except when the 
lower resistances are slight, that is, when the pel- 
vis is normal and the soft parts are dilating active- 
ly, the forces which produce engagement being re- 
latively weak. In consecuence, the head enters the 
pelvis without being submitted to excessive pressures, 
and is able to retain itri position of repose, in 
which the ligaments and muscles lying behind the 




During labour the following factors have to be con - 
sidered: - 
l. the position of the centre of pressure 
in relation to the presenting part e.g. the 
head. 
2. The excentric )osition within the 
pelvic canal of the opening, or foramen in the 
partially dilated cervix and vagina. 
3. The total resistances of the soft 
parts of the canal. 
4. The total resistances of the bones 
and ligaments of the pelvis. 
5. The influence of adaptive moulding 
(the third movement of flexion) in modifying 
the distribution of pressure over the presen- 
ting part e.g. the head, and in favouring the, 
production of a delayed. second movement of 
flexion. 
If in the second stage the sum of the 
uterine and abdominal pressures is transmitted 
through the column of the fetal body to the head, 
in such a way that the centre of pressure is truly 
centred in the head and is equidistant from all 
points in the greatest circumference of the head, 
then/ 
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then no mechanism of ='lexion pan take place. Descent 
usually proceeds with the head in the occi ,ito- 
transverse position, either primitively or second- 
arily, and if the relations of the head to the pelvis 
are easy, delivery may occur (and has been observed) 
with the head still in this position and without 
flexion having been produced.. On the other 1 -.and 
When the pelvis is smaller, or when the head is 
larger, the head may become impacted in the trans- 
verse position. Then, one of two events may happen. 
Either the progress of delivery ceases, or with the 
continuance of energetic and sufficient pains, the 
difficulty is overcome by means of adaptive moulding 
and the mechanism of internal rotation, but still 
without the development of flexion as a primary 
phenomenon, though it may supervene on the occurrence 
of internal rotation. In most cases however, 
labour in the second stage, and also as a rule in 
the first stage, is associated with an excentric 
position of the contre of pressure, the first move, 
ment of flexion having already been completed, or 
else a definite amant of true extension being pres- 
ent/ 
It is possible that the asymmetry* of the normal 
pelvis which JTTRGENS (1391) found in more than fifty 
per cent of -pelves, and which is evident in one of 
BARBOTTR' S Coronal sections may promote the occurr- 
ence of flexion in these impacted cases. 
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present. . That is to sac -, in the greatest number 
the centre of pressure is definitely nearer to one 
Iole of the head than the other, w'1en labour is be- 
ginning. At the same time, when the relations of 
the head and the pelvis are normal, the deviation is 
slight, but the importance of the deviation lies 
in it being more or less lateral within tre pelvis, 
and more or less mescal within the head. In case 
of misunderstanding, I repeat here that pressure is 
distributed over the whole sectional area of the 
greatest circumference of the head in the first 
stage, and during the second stage as long as the 
head continues to act as a ball -valve, and that, 
after the water has been evacuated from the canal 
up to some higher level, pressure is conveyed to 
the whole of the head by the column of the fetal 
body as long as the first movement of flexion is 
complete, and even when true extension is present 
comparatively little of the head can be admitted 
as free from pressure. Further, though the pres- 
sure is distributed equably over the whole area 
of the girdle of resistance and the superjacent 
parallel greatest circle of the head, it is not the 
case that the -pressure is applied evenly over the 
whole/ 
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whole area of the greatest circumference of the 
'head, excepting when that plane is strictly parallel 
to the girdle of resistance. In the presence of 
true flexion (the first movement) or of true exten- 
sion, however slight it may be, pressure is unequally 
balanced in the area of the greatest circumference 
of the head. Such is evident clinically during the 
expulsive period, whenever the forces required to 
restrain the sinciput and the occiput in a vertex 
presentation are compared. Thus it happens that, 
while the centre of pressure is nearly true to the 
centre of the plane of the girdle of resistance 
and to the centre of the superjacent greatest paral- 
lel plane of the head, it can only be true to the 
centre of the greatest circumference of the head, 
when that circumference is parallel to the girdle of 
resistance, r.nd this condition there are good reasons 
for believing to be uncommon. 
The theory which underlies these statements 
in due to LILIENTHAL who, it is said,discovered 
the existence of a tangential force acting on a 
curved surface. Long afterwards, when LILIENTHAL' S 
views had barely survived the controversy which they 
had excited, the theory was confirmed by the ex- 
periments/ 
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experiments of WILT1UR and ORVILLE WRIGHT (1901). 
If a square plate is exposed to a uniform _pressure, 
say that of moving air, at right angles, the sum of 
all the pressures acting on the plate coincides with 
the true centre of the plate which is also the centre 
of pressure. Moreover, however much or little the 
pressure may be inclined, or which c )mes to the 
same thing however much or little the plate may be 
inclined, the centre of pressure always coincides 
with the true centre of the plate. When a curved 
surface is used, the pressure is normal to the chord 
of the surface of contact only so long as the pres- 
sure is directed at right angles to the chord. 
Whenever the pressure is inclined. to the chord, the 
pressure does not remain normal to the chord, but 
is inclined in the direction in which resistance is 
being overcome. That is to say, the centre of 
pressure on a curved surface is ex centric. to the 
true centre of the surface of contact whenever the 
pressure is inclined to the surface, or equally when- 
ever the chord of the surface is inclined to the 
pressure. The effect of s uniform pressure on a 
curved surface is then an explanation of the superior 
adaptability of a curved surface, as compared with. 
a/ 
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a flat surface, to overcome a resistance. It is tl'e 
tsngential force of LILIENTHAL and, as I believe, a 
more ultimate explanation of the tangential theory of 
LAHS. It is the cause of the consequence which is 
the theory of LAHS. 
Whenever the first movement of flexion., or 
of extension, is present, there is a slight relative 
descent of the apuropriate pole of the head - suffi- 
cient to produce a slight deviation of the centre of 
pressure by the inclination of the uniform general- 
contents pressure to the chord of the surface of 
contact. The deviation, though slight to begin 
with, tends to progress with descent, and it also 
tends to persist in that portion of the head, towards: 
which the first deviation was directed. Inciden- 
tally the seco -d movement of flexion (or of exten- 
sion) is produced, and the more resistance is over- 
come the further the centre of fressure deviates 
towards the margin of the surface of contact, the 
more the second movement is advanced. 
The centre of pressure may even be dis- 
placed beyond the chord of the surface of contact 
and be still effective in promoting the second. move- 
ment, as in the marked flexion of the well flexed. 
persistent/ 
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persistent occipìto- posterior position of the head. 
610. The slight deviation of the centre of pres- 
sure, to w- ch I have referred, would probably be 
sufficient in the presence of equally distributed 
and superable resistances to produce the relative 
descent of whichever pole of the head the centre 
of pressure was nearer, the capacity of the head to 
rotate around the upper end of the fetal trunk being 
granted. The slight excentricity which it is 
necessary to postulate for the centre of pressure 
and in the normal conditions of the first part of 
the descent into the pelvis, may safely be assumed 
to render the Production of what is really the second 
movement of flexion intolerably slow against ecual 
resistances. As it happens, however, we can point 
with certainty to a second factor of great importance. 
The axis of pressure tend.s'?)ersistently to seek the 
area of least resistance (KEHRER 1664), and. in doing 
so I believe it perseveringly endeavours to coincide 
with or approximate to the medial ,plane of the pel- 
vis, and that ultimately, if not immediately, it 
reaches that position in t°ne anterior moiety of the 
pelvic canal. I rther, and this is a matter of 
great 
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great importance in the mechanism of occiDito- 
posterior and occipito- transverse positions, the 
axis of pressure tends to carry along with it which.- 
ever portion of the head contains the centre of 
pressure, that is, towards the mesial plane and the 
anterior moiety of the canal. (In one of BARBOUR'S 
sections (1889) the head is in the transverse 
position and the fontanelles are nearly level. But 
the occiput, on close inspection, is seen to be 
dipping sligh tiv. The frone is pressing against 
one lateral wall of the pelvis, while the occiput 
lies at a considerable distance away from the corres- 
ponding wall. The lateral excentricity of the head 
in this section is noteworthy in the _present 
connection). The second factor which. it the tan- 
gible cause of this tendency of the axis of _pressure 
we find in the direction in which the cervix. and -the 
vagina dilate within the bony pelvis . "Rien the cern 
vix and. vagina are fully opened, their circumfer- 
ences are approximately concentric with the circum- 
ference of the bony canal, and hence have no special 
influence in the direction of pressure. So also, 
when the opening is very small, its effect may for 
the present be disregarded. But, during the middle 
stage 
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stage of dilation when the possibility exists of 
extrusion of the presenting part through the girdle 
of resistance, the position of the girdle i^ decidedly 
excentric, lying, as it does, in the anterior part 
of the canal. As dilation proceeds the opening 
moves Corwardsírbtransit across the bony pelvis, 
and the anterior circumference of the girdle coin- 
cides with the anterior wall of the pelvis some con- 
siderable time before the posterior and postero- 
lateral margins coincide with the corresponding pelvic 
walls, when the girdle becomes concentric with the 
oelvi[ and ceases as such to exist. The excentric 
position of the cervical opening can be felt 
pally, when the os is three -quarters dilated. Then, 
the anterior margin of the cervix forms the "anterior 
lip" and is free from the head, while the posterior 
margin extends below the head to a breadth of at 
least an inch. At t}'is time, also, the anterior 
margin virtually coincides with the anterior well of 
the pelvis. A similar, though not quite so dis- 
tinct, excentricity can be recognised as far back 
as a time when the os is the size of a five -shilling 
piece, if not indeed earlier, and with rare excep- 
tions the trend of the centre of the os is sooner or 
later forwards from the true centre of the pelvis. 
Within/ 
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Within the vaginal canal, the phenomenon of excen- 
tricity is even more evident. Then the read is 
ready to escape from the lower pole of the uterus, 
"active dilation" has already rendered the anterior 
and antero- lateral walls of the vagina concentric, 
to a degree which increases from behind forwards, 
with the anterior segment of the pelvis. Poster- 
iorly and oostero- laterally the soft parts oppose 
to the descent of the head a voluminous fold or 
mass which is later added to by the bony and liga- 
mentous resistances of the lower part of the superior 
ro rtlon of the pelvic canal, and by the often bulky 
commissure of the pubo- coccygeal muscles at the 
same level. Thus, the excentricity of the girdle 
of resistance in the vaginal portion of the descent 
is present from the beginning of the descent, and 
the excentricity is anterior, rot posterior. This 
arrangement is of s De cial importance here, as it con- 
tinues during the second stage, until the head passes 
the outlet of the pelvis. Further, continuous 
observation of the relations of the head to the ad- 
vancing girdle of resistance, and especially of the 
course of events in occipito- posterior positions, 
tua one believe that the excentricity of the girdle 
of/ 
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of resistance is the primary condition and not the 
anterior excentric direction of pressure, though ac- 
tual proof would be difficult, if it is not imposs- 
ible. ,T re have then the Y_noam tendency of the axis 
of pressure to seek the area of least resistance, 
the position of this area mesially and anteriorly 
'within the pelvis, the deviation of the centre of 
pressure to however slight a degree within the circle 
of the greatest circumference of the head and due 
to the existence of sonne amount of flexion (first 
movement) or of extension (first movement), and the 
tendency of the centre of pressure i.e. the axis 
of pressure to carry along with it whichever portion 
of the head it occupies. ?These circumstances, 
acting in combination, result in the transit of the 
area of the centre of pressure towards, or its per - 
sistent occupation of the anterior moiety of the pel- 
vic canal, together with a relative advance of the 
area containing the centre of pressure and a relative 
retardation of the area of the head w'1ich is not 
concentric with the centre of pressure. In other 
words, when the first movement of flexion is complete 
the occiput contains the centre of pressure; is car - 
ried forwards by a transit, but not by a rotation, 
!within the pelvis; and is forced downwards through the 
girdle/ 
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girdle. of resistance, whether it is formed by the 
cervix or the vaginal walls, while the sinciput is 
relatively though not absolutely retarded by the re- 
cists aces to which it is exposed; and thus the secon 
movement of flexion is rendered more or less complet: 
When a degree of true extension is present, the 
centre of pressure is on tee sincipital side of the 
true centre of the heed. The sinciput is carried for 
words by a transit, but not by e rotation within the 
pelvis, and is forced downwards through the girdle o 
resistance, while the occiput is ret ,girded, as was th 
sinciput in the i:receding exemple, thus rendering t?'n 
second movement of extension more or less compete 
Such right be the mechenime of a head in the occipito 
posterior position with some degree of primitive 
extension. When, on the other hand, primitive 
flexion is more or less prisent, or et any rate 
the centre of pressure lies on the occipital side 
or the true centre of the heed, the mechaninn is 
more laborious, though it is esuentielly the some. 
The tendency in these cases is for the completion 
of the fir et movement of flexion, or the production 
of the second to be delayed. The slowness is due 
to the fact that the sincipital region of the 
head/ 
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head lies over the area of the girdle of resistance, 
and the occipital portion 'Which contains the centre 
of pressure is exposed to the posterior or postero- 
lateral resistances, which. I have already described. 
Under normal conditionna, the axis of pressure still 
seeks the area of least resistance, and notwithstand- 
ing the disadvantageous position the axis of pressure- 
carries with it the centre of pressure and the oe-i- 
put towards the anterior moiety of the pelvic canal. 
In the absence of pelvic walls, the sinciput would 
simply be pushed forward out of the way. But, 
within the pelvis the sinciput is resisted by the 
antero -lateral wall, and it is pushed upwards, com- 
pressed, and depressed, "as the first, second, and 
third movements of flexion are developed. The nro- 
cess continues until these movements are as fully 
developed as the conditions of the occipito- posterior 
xx) si t ion. allow. The subsequent phenomena form part 
of the mechanism of internal rotation_, but not as 
a rule, before flexion has reached a high grade. 
In those relatively rare examples, where it is oos- 
sible to point to .a persistent misdirection of pres- 
sure downwards and backwards towards the plane of 
the brim, or maybe at right angles to the plane of 
the brim, the axis of pressure does not directly 
i seek/ 
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seek the area of least resistance, and whenever the 
upper structures fail to produce the necessary cor- 
rection the duty devolves on the soft parts of the 
pelvic canal and indeed mainly on the pelvic floor. 
The successful issue of the balance of force and 
resistance arising here depends mainly on the er- 
sist^ney with which the centre of -pressure tends to 
remain Tithin one segment of the head, whenever its 
position. becomes excentrie, and partly on the ten- 
dency of the centre of pressure to be Jnclineì to 
the chord of the surface of the head. were that 
not the case, the mere interaction of oressure and 
resistance would inevitably convert true flexion 
into true extension and vice versa. I find, by 
experiment, that flexion cannot be produced very far 
with a misdirection of pressure, without a readjtst- 
ment of the head within the pelvis in the sense of 
internal rotation. Thereafter, though flexion 
is enormously increased, the phenomena belong rather 
to the mechanism of extension and the lower portion 
of the pelvic canal than to the mechanism of flexion. 
till. Before the os externum is fully dilated 
and the membranes are ruptured, the second movement 
of/ 
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of flexion frequently happens as a passing event, 
but it seldom becomes persistent. The bag of waters 
prevent,, the ext -u ̂ ion of the occiput or the s.nciput, 
as the cage may be. They do not avoid, but rather 
encourage a temporary dipping of the presenting 
part into the centre of the girdle. During a 
uterine contraction in the first stage, the fetus, if 
it is sufficiently mobile, is first slightly with - 
drawn from the os; secondly, pressed downwards, 
with an associated dipping of the presenting part; 
and thirdly, withdrawn again to a position of repose. 
These movements seem inexplicable without calling in 
a preliminary widening and a subsequent shortening 
of the uterus, along with some degree of fundal 
pressure on the upper vole of the fetus. And the 
explanation would indeed be necessary, if no change 
took place in the lower pD le of the uterus.' As it 
is, however, the essence of progress at this stage 
is an uncertain amount of °give" at the lower pole 
of the uterus, with a greater or lesser protrusion 
of the bag of raters through the on externum ^lich 
becomes further dilated. The "give" entails an 
area of least resistance, even though the intra- 
uterine pressure remains everywhere equally distri- 
buted. In accordance with the theory of the general - 
contents 
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contents (:Pressure, the view that the fetus alone roves 
is untenable, and it is more probable that the fetus 
and the liquor amnia move as one body. In t}-e be- 
ginning of a uterine n.,ntraction, the uterus becomes 
more globular by an increase of its horizontal 
diameters. The greater space, thus formed, draws 
up tie liquor amnia, along with the fetus. Then 
follows the constriction of the uterine body, and 
the displacement of the amniotic fluid and the 
fetus downwards towards the lower uterine pole, where 
the axis of pressure tends to force the occiput or 
the sinciput, accordingly as flexion or extension is 
present, in the direction of the "given of the bag 
of waters. The third movement is a lesser edition 
of the first, and the restoration of the head to a 
position of repose, in Which the fontanelles are 
nearly level, depends on the resistance 7Trich the 
nuchal muscles and ligaments offer to being stretched. 
When the membranes remain intact. until the os is 
fully dilated, the head generally passes into the 
vagina with the first movement of flexion alone 
developed, or at anv rate persistent in the inter- 
vals of the pains. On the other hand, when the 
membranes rupture early, the head passes through the 
os with the second movement more-or less well ad- 
vanced/ 
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advanced, but the second movement usually disappears 
when the head entirely escapes from the cervix. 
It reappears at the bottom of the excavation. 
d'l2. Closely connected with the exctntricity of 
the opening in the soft parts as a factor in oro- 
ducing or marring flexion is the rapidity of dilation, 
and the size of the area of the girdle formed in 
advance of the head, largely by .a process of "active 
dilation ". Thus, in primiparae in whom the area 
of the opening is usually small we have often a 
deficient and a delayed second movement of flexion: 
in pluriparae in whom the area is larger we have 
an early and a well developed second movement while 
it often hapoens in multipsrae that "active dilation" 
opens the whole canal in advance of the head which 
in such cases descends with the two fontanelles 
nearly level (LUSK 1891) and without any second 
movement of flexion until the floor is being 
approached. 
It is scarcely possible to separate much 
of the foregoing paragraph from application_ to the 
third factor of the total resistances of the soft 
parts. These, as I have already pointed out, are 
incapable/ 
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inc »gable of producing flexion when the greatest 
circumference of the head coincides with any parallel 
plane of the canal, but whenever the axis of the 
cephalic ellipsoid becomes in any degree oblique 
within the canal, the general resistances of the 
soft parts act, as HUBERT and LA11S have own, 
during the pains (but probably not in the intervals 
as LAHS believed) by developing centripetal forces 
on opposite poles of the 'head at different levels. 
The good or bad effects of the constriction exer- 
cised by the soft parts cannot be measured for the 
soft parts alone. When the rigidity, want of 
dilatability, and therefore the centripetal pressure 
of the soft parts, are greatest flexion in the 
sense of the second and third movements is often 
leant developed, and thin is due, as I have just 
shown, to a closely connected defect of the girdle 
of resistance. Such a deficiency is compensated 
for whenever the child is smg11 and soft: very 
narrow, soft parts and a small girdle of resistance 
may be associated with extreme second and third 
movements. In SIMPSON' S (1878) case of premature 
labour, however, the extremely flexed attitude of 
the head annears to have been due to a combination 
of moderately resistant soft parts with a large 
girdle 
358 . 
girdle of resistance, and therefore to have been 
comparable to the state of affairs normal for a 
pluripara with a full -time child of average size. 
,ßl3. The fourth factor is the total resis- 
tances of the bones and ligaments of the pelvis. 
The transverse and oblique diameters of the pel- 
vis contract from above downwards, the latter more 
rapidly in the lower than in the upper part of the 
superior portion of the canal. Hence it follows 
that a head which passes the brim comfortably 
with only the first movement of flexion developed, 
will have the second produced in the course of the 
descent by a mechanism of opposing forces operating 
at different levels, like those of the soft parts. 
It is the fashion to state that the bones -nd liga- 
ments exert no effective pressure on the head, ex- 
cept in cases of serious disproportion (STADFELDT 
1361, LAHS 1870, and later authors). The assertion 
appears to be based on the aPoearance and attitude 
of the head at the vulvar outlet, it being assumed 
that the suboccipito- bregmatic diameter, which is 
then the mechanically important diameter, has a 
similar value within the cavity of the pelvis; and 
asi 
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as this diameter is smaller than any of the diam- 
eters of the pelvis, the one and ligaments can 
have no effective influence on the head. The 
assumption is, however, unsupported by clinical 
examination, and by the appearances in BRAUNE' S 
second section and in BARBOUR'S late second stage. 
section. It is true that, when the head is fully 
flexed, therub- occipito- bregmatic diameter is en- 
gaged in the sense of being nearly parallel to the 
parallel planes of the excavation. But it does 
not follow that this diameter is mechanically en- 
gaged in the pelvis. ratite appearances to which. I 
have ;just alluded and to which I shall return make 
it clear that the effective diameter is one which 
corresponds in magnitude to the occipito -frontal 
diameter of the head. It is effective in every 
part of the descent through the excavation, and it 
is larger than either the oblique, or the trans- 
verse diameters of the lower part of the bony pelvis. 
The changes in the form of the bony pelvis are re- 
s Ponsible, under the normal relations of the head 
and the pelvis, for the fixing or the rendering 
permanent of the second movement of flexion, ore- 
viocs to internal rotation. They are also concerned 
under/ 
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und.r normal conditions, in the production of the 
third movement of flexion. But in neither instance 
is it necessary for the bony pelvis to act. The 
second and third movements can be produced, through 
the instrumentality of the first factor, by the 
third - the total resistances of the soft parts - 
and in the absence of the third by the second. In- 
deed, the only common factor is the position of the 
centre of pressure in relation to the head. That 
alone, under uterine and abdominal pressure, may 
possibly produce flexion against uniform resistances, 
but it acts normally and with tolerable rapidity in 
combination anyone, or with more than one of 
the subsequent factors. Further, it is quite 
conceivable that flexion in the sense of the 
second and third movements need never occur at all, 
even after the first movement has been completed, 
the head descending in an oblique diameter of the 
pelvis and rotating without any change in the re- 
lative Position of the two fontanelles. (0f. PAJOT 
q. by TA.RNIER and CHANTRPUIL 1882). Such I have 
observed in a less completely .negative form in mul- 
tiparae, while the fact may here be recalled that 
delivery without flexion in the sense of any of 
the/ 
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the three movements has been known to occur. 
p14. Adaptive moulding (the third movement of 
flexion) is able to modify the' distribution of pres- 
sure over the presenting part e.g. the head, and 
under certain ci 'cum tances to favour the production 
of delayed filet and second movements of flexion. 
It is in itself, an increase in the totally flexed 
appearance of the head. The factors concerned in 
the production of moulding are fetal and maternal. 
The bones of the cranial vault are malleable and 
elastic; the cranial contents are able to be dis- 
placed and re- arranged in a form different to that 
Which is primitive, the degree of absolute com- 
pression and extension of the contents being how- 
ever, very small. The ultimate limit of moulding 
is determined by the breadth of the base of the 
skull. The base is relatively incompressible 
( BALLANTYNE 1890), and probably cannot be com- 
pressed to any extent without entailing serious in- 
jury to the child. As FABRE (1910) observes, the 
diameters perpendicular to those compressed extend, 
while the diminution of the antero -posterior diam- 
eter is not compensated by an increase in the trans- 
verse diameter (BAITDELOCQUE, PETREQUIN, quoted by 
PELORE/ 
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DELORE 1365), but by an elongation of the vertical 
diameter (LABAT 1331, MURRAY 1333). The maternal 
factors are the same as those for the first and 
second movements, namely:- the tendency of the axis 
of uterine pressure to seek the area of least re- 
sistance, the phenomena of the action of a uniform 
pressure on a curved surface, the excentric position 
of the girdle of resistance, the total resistances 
of the soft parts, and the total resistances of 
the bones and ligaments of the pelvis. If the 
forms of moulding in the various positions and 
Presentations are recalled, it will be observed 
that protrusion and elongation occur in the parts 
which are concentric with the area of the girdle 
of resistance, compression and depression in the 
parts which are excentric to the girdle of resis- 
tance. POLLOSSON (1892) hqs expressed the'ooinion 
that moulding is effected by the resista-nce of the 
soft parts at first, and only by the bones and 
ligaments when the head is the lower part of the 
excavation. Apart from the direction of pressure 
and the excentric position of the girdle which I 
regard as paramount, POLLOSSON'S view seems to be 
correct, and is at anv rate in keeping with the most 
commonly/ 
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commonly observed fact ,S, The bones and ligaments 
play an important part, at an early stage, in mould - 
ing the head in the occipito- posterior positions, 
in occipito -transverse with and without the first 
movement of flexion, in occipito -pubic and occipito - 
sacral positions, and in face and forehead presen- 
tations. As I shall quote FABRE to show,moulding 
effects a comparatively small change in the diameters 
of the head, and is indeed more intimately connected 
with the production of internal rotation. The 
importance of moulding for the mechanism of flexion 
lies in its capacity to alter the curvature of the 
cranial vault without there being at the same time 
necessarily any change in the orientation of the 
head. Incidentally, the position of the centre of 
pressure is altered by the changed curvature of the 
head without the head having moved as a whole. And 
though the moulding merely hastens the excentric 
displacement of the centre of pressure in the or -. 
dinary labour, where true flexion or true exten- 
sion is.present from the beginning, it becomes of 
the greatest importance.n those cases where no 
flexion or extension is present, where the general 
contents pressure is normal to the chord of the 
surface of contact. I have already mentioned one 
example/ 
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example in r.,rhich pressure is at right angles to the 
chord, and in which the position of the head is 
occipito- transverse within the pelvis. In this 
case moulding, so far as I can see., never favours 
flexion, for the moulding in adaptation to the dis- 
tribution of the resistances itself as a uniform 
bulging of one lateral half of the head (anterior 
within the pelvis) and a uniform flattening of the 
other lateral half (posterior within the pelvis). 
Mien, however, the head is in the occipito- trans- 
verse position and the first movement ' of flexion 
is primitive, the centre of pressure lies in the 
occipital side of the true centre of the head, and 
tends to be carried towards the mesial plane of the 
pelvis and forwards within the canal. Descent 
is greatly aided by the moulding- which, as well as 
the second movement of flexion, i^ apt to be excess- 
ive. Here, as in the normal event the moulding 
aids in carrying the centre of pressure towards 
a more excentric position. In other and rare 
labours, . "ere the pressure is directed at right 
angles to the chord of the surface of contact, but 
where the head lies in the oblique diameter of the 
pelvis, the moulding which then corresponds in type 
to. that observed in an ordinary summit presentation, 
may/ 
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may be the sole originator of an excentric position 
of the centre of pressure, the protrusion or elon- 
gation of the occiput altering.the curvature of the 
surface of the head and producing in that way a 
form which would otherwise have to be attained by an 
impossible second movement of flexion. In such 
labours it is to be observed that the moulding pre - 
cedes the movement of the head as a whole, and there - 
fore is primarily concerned in the production of 
flexion, by altering the position of the centre of 
pressure. At first, the pressure acts uniformly at 
:right an les to the chord of the lower surface. 
'men, however, the occipital region of the head is 
elongated by the repeated application of pressure 
to the head over an area which is mostly resistant 
posterjorly and non -resistant anteriorly, the lower 
surface of the. head becomes inclined away from the 
parallel plane of the pelvis in which it once lay. 
Therewith the chord is disnlaced and in fact dips 
towards the occipital pole. `"he pressure is now 
no longer at right angles to the chord of the sur- 
face and can no longer be normal to the chord. It 
becomes unevenly distributed in such a way that the. 
centre of pressure, representing the. average of all 
the pressures, moves towards the occipital pole, and 
takes/ 
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takes up a position which is excentric within the 
head. In consec±uence, the force of tbe general - 
contents pressure is developed more on the occiput 
than the sinciput, and this circumstance, when 
cou of ed with the other factors and especially with 
the excentric oosition of the area of the girdle 
of resistance, results in the production of the 
first and second movements of flexion of a head 
which primitively showed neither flexion nor ex- 
tension. 
j15. As regards the relative conditions which 
determine the onset and the development of the three 
movements of flexion and the periods of time which 
witness them, it is not possible at present to re- 
view the subject in a comprehensive manner. Pro- 
bably the methods employed up to a certain degree 
of intensiveness by PARISOT (1893) and by VALTORTA 
(1912) lead the way to a general and inclusive account 
of this part of the problem. The chief present 
difficulty of the method is to measure the diameters 
of the pelvic canal in the living subject, in whom 
it must be done if a sufficiently large number of 
useful reports is to be gathered 'together. PARISOT 
and 
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and VALTORTA measured the weight of the fetus after 
birth, during which they noted the degree, the periods, 
and the levels of the various stages of flexion. 
The former author also took measurements of the 
fetal head, and instituted a comparison in a series 
of labours between the above group of fetal factors 
and the dimensions of the corresponding pelvic cana?f 
which were indirectly measured. The well -known un- 
certainty of this mode of mensuration constitutes a 
serious defect in PARI SOT'S laborious and carefully 
executed work. Another objection mav' justly be 
raised to the measurement of the head after birth. 
In c. large proportion of labours, perhaps in the 
greater number, the form and dimensions of the head 
at the vulvar outlet differ radically from those of 
the head when it is within the superior portion 
of the pelvic canal, and the difference works in a 
sense adverse to a true conception of flexion and 
internal rotation. At the same time PARISOT'S con - 
clusions seem truthful i_n a general way and may there- 
fore be quoted. In the subjoined table I have con- 
densed PARISOT'S results for the two more frequent 
)ositions - the left occipito-anterior and the right 
occipito -posterior. . The data are grouped in the 
order/ 
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order of the frequency of their occurrences (the 
author's arrangement), beginning with the commonest 
and ending with the rarest. The second column 
of figures gives the square roots of. the Products 
of the average occipito- frontal and bi- parietal 
diameters in each group, the third .Column the square 
roots of the antero-posterior external and inter - 
cristal diameters of the Pelvis. The quotients of 
the roots in both groups are given in the fourth 
column: in the last column of figures. are the re- 
sults of dividing the saruare roots of the weights 
by the ouotients of the other roots. Each figure 
is then a measure of the three factors used by 
PARISOT, and the figures for the successive groups 
of labours should stand in some sort of relation to 
the clinical findings which are given in the last 
column, the lateness of the occurrence of flexion 
being proportional to the smallness of the figure. 
PARI SO í^. / 
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PARISOT : LEFT OCCIPITO-ATdTißIOR POSITION. 
Fetal Head Pelvis Ratio Weight Flexion 
. 
Weight \OFXBP kAPXIC of occurred 
in 
Grammes Roots Ratio on or in 
A. 3325 10 °16 21.30 2.09 27.58 floor 
brim 
B. 3650 9.98 21.93 2 °19 27.58 > floor 
C. 3271 10.16 ? ? ? brim. 
D. 2383 9.45 20.70 2 °19 24 °52 cavity 
E. 3300 10.25 20.00 1.95 29.59 brim 
F. 3283 .? 21.40 ? ? cavity. 
G. 2980 10.39 21.00 2 °02 27.03 cavity 
H. 2730. 9.67 20.40 2 011 24.76 none. 
RIGHT OCCIPITO -POSTERIOR POSITION. 
A. 3149 10.16 21 030 2.09 26.82 floor 
B. .3320 9.95 20.78 2 °08 27.55 brim 
C. 3244 10.45 21 °72 2.07 27 °50 cavity. 
D. 3683 ? ? ? ? cavity. 
E. 3320 10.49 ? ? ? cavity. 
The/ 
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The figures given in the second last column 
- the quotients of the square root of the weight 
divided by the ratios of the square roots of the 
head and the pelvis - show a wonderfully close 
agreement with the clinical findings. In the occi- . 
pito- posterior position the agreement seems perfect. 
But in the .occipito- anterior, though the highest 
figure is associated with flexion at the brim and 
the second lowest with no flexion at all, the dis - 
crepancies otherwise seem greater than can be 
accounted for by PARISOT'S methods. They suggest 
that in addition to the three factors measured by 
PARISOT - the weight, the and the pelvis - there 
are others. Looking to the differences know to 
exist between orimiparae and pluriparae, and between 
these and multiparae, and to the most obvious 
cause of the differences, namely, the relative rate 
of dilation of the rloft parts, and the extent of 
the _ortlitive "active dilation" of the soft parts, 
we are justified in insisting on the addition of 
these last as a fourth factor, to be taken into 
account, while a com)arison of the behaviour of the 
head in the occipito-anterior and occipito -posterior 
positions/ 
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positions is inadequate, unless it takes note of the 
effect of the excentric position of the area of the 
girdle of resistance within the canal. Methods of 
accurately determining the relative proportions of 
the fourth factor and of raking allowance for the 
excentric position of the girdle do not readily 
occur to the Mind, and it may well be long before 
anyone improves on PARISOT' S work. 
VALTORTA (1912) gives data for the right 
and left occipito- posterior positions Only, and com- 
. pares the weight alone with his clinical findings. 
In the next table I give in parallel Columns the 
views of VALTORTA and PARI SOT on the time of occur- 
rence of flexion relative to the weight of the fetus. 
Taken on the whole the results agree fairly well. 
Right/ 
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Level at which Flexion occurs. 
VALTORTA (1912) PARI SOT (1393). 
Below 3000. Brim, increased in cavity. 
3000 -3500 Brim, increased in cavity. Brim, cavity, 
(very great) . cavity, floor 
(4 groups). 
Above 3500 Cavity ,Cavity. 
At 4000 Brim 
LEFT OCCIPITO- POSTERIOR POSITION. 
111) to 3000 Brim, increased in cavity. 
3000 -3500 Cavity increased on floor: 
No Flexion (4 out of 7 cases) . 
Above 3500.. Brim, increased in cavity. 
(entry transverse) . 
In/ 
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In the left occipito- anterior position, according to 
PARISOT, flexion takes place most commonly on the 
floor of the pelvis. Less often there is a first 
flexion at the brim. Third in order of freouency 
is the production of flexion in the cavity of the 
pelvis, and the fourth is flexion at the brim. 
In the right occipito -posterior -position, according 
to the some writer, the order is first flexion on 
the floor, and secondly flexion at the brim. In 
the third form, rotation begins first and flexion 
is ful lv, developed when the head is in the trans- 
verse position. For the latter position, VALTORTA 
admits flexion to occur either at the brim or on 
the floor, but usually with difficulty, owing to a 
tendency of the head to extend. He represents the 
ol(.r.er authors (BoIVIN, NAEGELE, STOLTZ, DUBOIS, 
VELPEAU, GUILLEMOT, CASEAUX, LOGHARD) as believing 
flexion to be contemporaneous with the descent of 
the head; FAr31RI and JACQTJflffEP as stating flexion 
to. occur on the floor; T.ARNIER, CUZZI, DESSAIGNES 
and LEPAGE, and FABRIC, as postulating a minor flexion 
at the brim in addition, as in the left occipito -an- 
terior*position. In the left occipito- posterior 
position, PARISOT considers flexion to be very dif- 
ficult 
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difficult. Out of seven labours under his obser- 
vation only three developed flexion of the head, 
and then only after the head to each case had ro- 
tated to the transverse position. PARISOT further 
distinguishes a left transverse position of which he 
records four cases. In these flexion at the brim 
was the more common event: 
For the present Purpose the observations 
of PARISOT and VALTORTA need analysis into the three 
separate movements of flexion. But an attempt to 
do so did not prove very satisfactory, though it is 
obvious in places that the authors are writing 
first of one movement and then of another. 
GUILLEMOT (1837) believed flexion to be 
completed when the cervix is well dilated. TARNIER 
and CHANTREUIL (1882), CHARLES (1837) placed the 
level of flexion at the brim, while DESSAIGNES 
and LEPAGE (1394) point out that flexion is often 
completed at the brim in primiparae. PESTALOZZA 
(q. by BARBOUR 1899) adverts to the occurrence of 
marked flexion before labour and believes that it 
cannot be due to the walls of the cavity, but must 
result from the resistance of the lower uterine 
segment. DUBOIS (1334) considers the uterine 
orifice to have most effect, and secondarily the 
walls 
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walls of the cavity act. NORRIS and DICKINSON 
(1396) state that flexion occurs in first wart of 
the descent: GALABIN and. BLACKER (1910) when the 
membranes rupture. DEPAUL (1872) favours the brim 
first, and then the cavity; while PINARD and VARNIER 
(1892) regard flexion to be produced slightly in the 
brim and afterwards increased with ctercent . FRY 
(1888) asserts that flexion is most developed on 
the pelvic floor, where I believe the movement of 
which the author writes is more concerned with the 
mechanism of extension, under which it will be con- 
sidered later. MARX (1892) gives a list of eir- 
cumstences unfavourable to flexion. Some are hy- 
pothetieal; of the others, GOITRE is known not to 
prevent flexion (KAMANN 1913), and the effect of 
d.olicocephaly is I think disproved by PARISOT'S 
figures. 
By far the most frequent course of events 
to my belief, is as follows:- The first movement 
of flexion is an attitude formed in pregnancy, or 
it is completed whenever the head grows into con- 
tact with the lower pole of the uterus, or as soon as 
a "give', begins to appear at the os externum (in 
the first stage). The head is able to and does pass 
the brim with the first movement of flexion alone. 
(DUNC A N 1368, LABAT 1881, BARBOUR 1899), No fur- 
ther/ 
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further development takes place until after engage- 
ment is complete. At tris level in one of BARBOUR'S 
sections the head shows no more than the first move- 
ment of flexion. The second movement of flexion 
is made as complete as is necessary in the lower 
part of the superior portion of the canal, after 
many transient manifestations of the second movement 
during successive pains. The third movement of 
flexion is produced very slightly during en agemont, 
and is fully developed as a flexional movement when 
the head Is in the lower part of the superior portion 
of the pelvic canal. At this moment and at this 
level the appearance of the head is very much what 
it is in BARB)UR'S late second stage section. That 
is to say, the occipito- nuchal aspect of the head is 
parallel to and in contact throughout its whole 
length with the antero - lateral pelvic wall. The 
appearance depends mainly on the extent to which the 
second movement is produced. An exaggeration of 
this movement tends to bring the little fontanelle 
into the axis of descent and is normal for the gener- 
ally contracted pelvis. It brings with it, however, 
as FABRE (1910) points out the risk of an engagement 
of the dorso- frontal diameter of 12'5 cm., in a 
higher 
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higher level of the canal, just as forced extension 
of the head may cause an engagement of the presterno- 
sincipital diameter of 13 °5 cm. Hence, FABRE con- 
ciders moderate flexion better than forced flexion 
and similarly with extension. 
,S16. When we turn to the task of describing 
departures from the most frequent course of events, 
and of assigning these departures to the anomalies 
.to 'which they are no doubt due, we meet with an under - 
taking of some magnitude, and one which is impossible 
in the sense of completion, so long as the mechanimn 
of flexion is understood only in general terms. 
PARISOT was unable to come to a conclusion regarding 
the effect on flexion of obliquities and other ir- 
regularities of the uterus. He found, if I read 
aright, increased flexion more frequently associated; 
with an excess of liquor amnii than otherwise. But,, 
SELLHEIM(l907)and "ALABII (1910) are of a contrary 
opinion. In twenty labours the effect of the rup- 
ture of the membranes was noted by PARISOT. In 
four, no change was obnerved, and the head was not 
flexed C? second movement) ; in four, the anterior 
fontanelle lówered; in eight, flexion was already 
present 
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present and no change happened; in one, flexion was 
increased; in another, flexion occurred simultaneously 
with the escape of raters; and in the remaining two, 
flexion was produced after some pains followed the 
rupture. Unfortunately, I omitted to note ir'rlether 
or not PARISOT mentioned, or took into account the 
state of the cervix at the time of r 1pture . If the 
cervix is fully dilated, there is no a priori reason 
why flexion should be increased on the escape of 
the waters (cf. JACQUEMIER 1346). Or the other 
hand, if the cervix is not ffully dilated, the second 
movement is produced sooner or later to a considerable 
degree, as I have already described, but it passes 
off as the cervix approaches the state of complete 
dilation (HODCrE 1364, PLAYFAIR 1830, GßLABIN 1910). 
In a general 12Y it may be said that the second an_d 
third movements may be produced at the brim, if severe 
relative disproportion exists, and that neither the 
one nor the other need occur at all. In the occi- 
pito- noetnrior positions, the second and third move- 
ments often do not occur until the head is in the 
second division of the straight portion of the canal. 
Melt may, however, be produced extremely from the 
brim downwards, and cases in which it occurs are 
the/ 
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the hardest to diagnose in time as of one or the 
other of these _Jositions. To occipito- transverse 
positions I have already referred. In the direct 
occipito- sacral ftnd pubic positions, the second and 
third movements seem always to be grossly exaggerated 
during the passage of the brim, and to ease off a 
little during the subsequent descent. 
Extension when it comes in the superior 
portion of the pelvic canal manifests the same three 
movements aä those of flexion, but in a reverse di- 
rection, and they are subject to the same factors 
of production, always excepting the initial circum- 
stance favouring the first or true movement of. ex- 
tension. Whether it be an extended occipito -pos- 
terior, a forehead, or a face Presentation, the head 
op es through the same movements in the same order, 
as those which it does go through when flexed, but 
of course in the opposite direction. In general, it 
may, however, be said that the level at wh ich a given 
event occurs is rather higher in the extended group 
than it is in the flexed. And it is noteworthy that, 
whenever the relative pr000rtions of head and pelvis 
are what may be regarded as normal, it is irn ,ossible 
for a flexed head to become extended, or an extended 
head to flex, once it has entered the pelvis until it 
reaches/ 
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reaches the outlet. It is probable, however, no ef- 
forts are wasted in thin direction as the persistent 
tendency of the centre of pressure, once it has be- 
come excentric within the head, is to preserve and 
increase its excentricity in whichever part of the 
head it first arrived. There is an apparent excep- 
tion to this rule. It will be considered along 
with the mechanism of kyphotic pelves in which it 
most frequently appears (Section 17). The mechanism 
of descent in face and forehead presentations, em- 
bracing as it does phenomena sometimes of flexion 
and sometimes of extension, is more conveniently 
described under extension (Section VI). 
In flat pelves, according to JARDINE (1903), 
the bi- parietal diameter stands in the conjugate of 
the brim, while the anterior and posterior fontan- 
elles are nearly level. A movement then occurs 
which substitutes the bi- temporal for the bi- parie- 
tal diameter, and entry takes place. JARDINE attri- 
butes the movement to the wedge -shape of the head. 
But, supposing the conjugate to coincide exactly with 
the bi- parietal diameter, vie have no explanation here 
why the occipital pole is not substituted instead. 





1. The bi- parietal diameter coincides 
with the conjugate, and descent takes place 
with extension, (SCHROEDER, GOODELL 1876); 
2. The bi- parietal diameter lies to one 
side of the conjugate, and entry occurs 
with flexion (LITZMANN, PLAYPAIR, SPIEGEL- 
BERG, LUSK). 
with the latter opinion GALABIN ap%ears to 
agree, as he says that the head must either flex or 
impact. Once the head is even partly within the 
canal, it must be admitted that flexion and impac- 
tion are the only Alternatives. As the occipito- 
frontal diameter averages 12 cm., and the transverse 
diameter of the brim equals some 15 cm., it is hardly 
possible for the bi- parietal diameter to coincide 
with the conjugate so long as the two fontanelles are 
nearly level. And the true position seems to be 
much as it is described by GALABIN. The bi- parietal 
diameter lies on one side of the conjugate, while the 
centre of pressure which occupies very nearly the 
centre of the head lies menially in the conjugate. 
The bi- temporal diameter is in the conjugate from 
the beginning. It is, as LABAT (1881) has shown, 
more/ 
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more compressible than the bi- parietal diameter. 
The mechanism of flexion does not appear to differ 
from that of a oersìstent transverse position which 
has already been described. 
The three movements of flexion are devel- 
oped in the aftercoming head in the same way and from 
the same causes or factors, as in head -first labours. 
The third movement however, is more or less modified 
by the circumstance that the head.is descending; into 
a canal which is already dilated. As a result, the 
appearance of the cranium is more dome -like and less 
elongate than it is in the ordinary labour. But 
the head is always incompletely domed and always 
partially lengthened, owing to the fact that the 
segments of the fetus which precede the head in the 
passage of the canal are not co large as the head it- 
self and hence do not dilate the canal as fully as 
the head demands for its descent. 
According to my expdriments, misdirection 
of uterine pressure tends to produce a movement of 
the oncoming head towards extension instead of flexion. 
But, unless the misdirection of uterine pressure is 
altogether excessive, the ultimate effect is not 
serious. On the other hand, the aftercoming head 
at least experimentally, is remarkably sensitive to 
the/ 
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the direction of traction. A variation of so little 
as 10° is able to affect the production and. main- 
tenance of flexion. So long as traction in made 
parallel to, or downwards and forwards from the an- 
terior wall of the model canal, flexion is, if neces- 
sary, increased, and is maintained without any ten- 
dency being manifest towards flexion coming undone. 
When, however, traction is made downwards and back- 
wards from the anterior wall, to an extent even as 
small as that re> resented by 10° of arc, a movement 
towards extension arises with eventual impaction 
of the head within the canal. 
p17. Uniform force acting on a plane surface 
develops it is said, the maximum effect when the 
surface is inclined to the force at an angle of 35 °. 
According to a reviewer in Nature (1913), the obser- 
vation has been confirmed by experiments made at the 
Korlchino Laboratory in the Years 1910 to 1912. 
In my experiments which do not pretend to the accu- 
racy obtained by the Russian workers, the maximum 
effect is obtained on a curved surface when its 
chord is inclined to the .pressure at an angle of 
27 °. In any ease these figures indicate the range 
of/ 
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of flexion which is best adapted, in relation to the 
pressure alone, to bring out the best results of a 
given pressure. And whenever flexion is greater 
or less than that suggested by the figures, the force 
employed is not developing its best work, though of 
course the greater or less degree of flexion may 
be demanded by int:ra- pelvic conditions, and may in- 
deed b- absolutely essential to the progress of the 
labour. There is thus evidence for a compromise 
between the pelvic demands for flexion (or extension) 
and the renuirements of the uterine and abdominal 
pressures for their most efficient action. 
,r13. As I have already pointed out, the measure- 
ment of the diameters of the head immediately after 
birth is no safe criterion of the dimensions of the 
head before rotation occurs, and still less so of 
the head before its entry into the pelvis. I happen 
to have notes of only two series taken anterior to 
rotation. FARABEUF and VARNIER (1891) give as aver -, 
ages for the head not moulded O.M. 13.5, O.F. 12, 
S.O.B. 9.5, Bi. -P. 9.25, and Bi -T. 7.5 cm. BARBOUR 
(1899) has measured the head in his coronal sections 
when engagement is complete, but the head is not 
moulded/ 
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moulded. The approximate figures are O.M. 12.6, 
O.F. 11 °4, and. S.O.B 10.8 cm. BARNES (1865), on 
*hat data I am unable to say, concludes that the 
head before labour bas the following dimensions: - 
0.M. 13 °3 - 14, O.F. 11.4 - 12.7, Bi -p. 9.5 - 10.1, 
and Bi -T 8.9 cm. 
UeasuT ements have frequently been made of 
the head after birth and in me cases extended 
series were taken. The rest. its are, of course, in- 
dicative of the effects, of the process of labour.. 
But, when taken in conjunction with the previous 
figures, they measure the changea which go on 
occurring until the head is born. VALLOIS (1903) 
gives the detailed measurements of forty heads taken 
just after birth. His averages are:- 0.F. 11.3, 
S.O.B 9 °6, Bi -P. 8.9, and Bi -T 7 °9 cm. Compared 
with these are the averages given by PERRET (1399) 
for twelve heads:- 0.F. 11.3, S.O.B. 9.3, Bi -P. 8.6, 
and Bi -T. 7.4 cm. The averages for the combined 
series of 52 heads I find to be 0.F 11.3, S.O.B. 9.5, 
Bi -P. 8 °8 and Bi -T, 7.8 cm. it is therefore ap- 
parent that FP.RABEUF and. VARNIER' S average is too 
large at the one end and too small at the other, 
while BARNES'S average is too great all over. BURIN 
(1886) and VARNIER (1900) averaged their measurements 
in/ 
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in groups by weight, the latter measuring 300 heads 
at birth, while PARISOT (1893) averaged the measure- 
ments and weights in groups separated according to 
the period at which flexion and rotation were ob- 
nerved to occur. 
1. BUDIN. 
FETUS. 
2000- 2500g. 2500-3000g. 3000-3500g. 
Average measurements in Om. 
3500-4000g. 4000g. 
.U. 11.5. 12. 125. 12.5. 14. 
01.F. 10.5. 11. 11.5. 11.5. 115. 
12.5. 
S.O.B. 35. 9. 9.5. 9.5. 10. 
B,ì-P. 8.7. 9. 9. 95. 10. 
B -T. 7°5. 8. 3. 3. 35. 
2. VARNIER. 
FETUS. 
2500- 3000g. 3000- 3500g. 3500- 4000g. 4000 -4500;. 4500- 5goog. 
Average measurements in cm. 
P.O.F. 10.2. 
S.O.B. 9.3. 










FETUS (L.O.A. POSITION ONLY). 
2730g. 2883g. 2980g. 3271g. 3233g. 3300g. 3325g. 3650g. 
Average measurements in cm. 
0.M. 11.4. 12. 12. 12.5. 12°5. 12. 125. 13°3. 
O.F. 10°4. 1005: 12. il5. 113. 11. 11^5. 9°5. 
S.O.B. 9. 85. 9. 10. 10. 9. 9. 9.5. 
Bi-P. 9. 85. 9. 9. - 9.5. 9. 9.5. 
R -T. 7°7. 8. 8. 8. 7°5. 3. 8. $.. 
The arrangement of the average measurements 
according to the total weights in an ascending series 
forms a useful contribution but is not a conclusive 
method. VARNIER' S weights begin and end higher than 
do those of BUJDIN. '.'reight for weight VARNIrR allows 
a larger head than does BUN N, as may be seen from 
the tables by comparing the measurements of the sub - 
occipito bregmatic diameters. PARISOT'S table is 
valuable, for it records in print what had been long 
previously known in a general way that the size of 
the head is not arrays pronortionate to the total 
weight/ 
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weight of the fetus. Further even the averages in 
PARISOT' S table bring out the facts that the size 
of the head does not necessarily rise in an orderly 
progression with a rising weight and that individual 
groups show surprising local variations among the 
disneters. 
With PARI SOT'S L.O.A. table may be con- 
trasted the one the same author gives for the right 
occipito- posterior position. 
4. PARISOT. 
FETUS (R.O.P. POSITION ONLY). 
3149g. 3244g. 3320g. 3320g. 3683g. 
Average measurements in cm. 
0.M. 12. 12. 12.5. 12°5. 12.5. 
0.P. 115. 11.5. 11. 11. - 
F.O.B. 9. 905. 9°5. - 10. 
Bi-P. 9. 9.5. 9. 10. 10. 
Bì-T. 8. 8.5. 7.75. 3. 8.5. 
Comparing the R.O.P. table with the L.O.A. 
table we do not find such differences as might be ex- 
pected. On the whole, perhaps, the size of the 
heads 
339. 
heads in the R.O.P. position is greater weight for 
weight than in the L.O.A. position. But there is 
no evidence here of the greater deformity of the 
R.O.P. position. This I believe is due to the 
occurrence of long rotation, and to the measure- 
ments having been taken after birth when they more 
correctly represent the changes which are associated 
with the mechanism of extension. BARNES (1365) 
gives a number of measurements of the less usual 










































































































































































































































































































































































































Perhaps, the largeness of the heads is connected 
with the pelvic contraction. In any case the figures 
show the great lengthening of the occipito- frontal 
and especially of the occipito - mental diameters 
which is clearly the result of the pelvic contraction. 
At the same time the compression of the transverse 
diameters is not excessive. PAYER (1835) gives the 
measurements of two heads, both forehead presentat- 
ions: - 
0.m. 15, 0.F. 13, Bi -P. 10, Bi -T. 7cm. 
0.M. 12.5, 0.F. 12, S.O.B. 9, Bi -P. 9.5, and 
Bi -T. 8 cm. 
and one series of a face presentation:- 
0.A4. 12.5; 0.F. 12, S.O.B. 9, Bi-P. 9, and Bi-T. 
7 cm. 
AHLFELD (1903) measured. a head from a direct or 
primitive occip {to- anterior. 'position: - 
O.M. 12.2, 0.F. 13, Bi -P. 9'9 cm. 
DE RIBES and BOUPF :S (1903) measurements of a head 
which had come through a flat pelvis show the great 
lateral pressure to which the head is exp6eed :- 
0.F. 12, S.O.B. 9,5, and Bi -T. 7 cm. 
FABRE (1910) correlates the measurements of the head 
with . its position as regards flexion or extension, in 
the following way: - 
1. Head between flexion and extension. 
0.F. 12, Bi -P. 9.5, and Bi -T 3 cm. 
2./ 
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2. Chin on the Breast. 
S.O.F. 10.5, Bi -P 9.5. 
3. Forced Flexion. 
S.O.B. 9.5, Dorso- frontal diameter 12.5 cm. 
4. Moderate extension. 
S.O.M. 13.5, and. Bi -P 9.5 cm. 
5. Forced. extension. 
S.M.B. 9'5, and Bi -T 8 am. Presterno -sin- 
c ip i t al 13.5 cm. 
These measurements are intended to corres- 
pond to the successive planes of engagement in the 
pelvis, and on the strength of them FARRI! argues 
in favour of a moderate degree of flexion as the 
best mechanism. These figures bring out the small 
effect which moulding per se has in reducing the 
diameters of the head relative to the pelvis. I 
have already alluded to this fact, and will su'se- 
quently have occasion to show that moulding is much 
more intimately concerned with the production of 
internal rotation than with the descent of the head. 
Lastly, reference may be made to BARNES'S (1335 ) 
ideal comparison of the skull and the pelvis, which 




PELVIS-DIA ?BETERS IN CM. SKULL - DIAMETERS IN CM. 
BRIM. 
Antero-posterior 108 -115. Bi-P. 96-10°2. 
Transverse 127- 134 O.F. 117-127 





























BARNES'S com'narison is valuable from a re- 
lative point of view, even though it was made in the 
dried state of the >>arts. In an absolute respect 
very little would esoa?pe criticism which is however 
forestalled to a large extent by BARNES himselfi in 
the nualificationc which he subjoined. Relatively 
cone idsred/ 
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considered, the figures are consonant with the most 
frequent clinical findings and they show, after 
allowing for the soft parts, how the head can descend 
far into the pelvis without the occi.p ito- frontal 
diameter meeting with lateral obstruction, that is, 
without any need arising for the second movement of 
flexion. It is only towards the outlet that flexion. 
must be produced. to the greatest degree. 
So far we have not comme any nearer the 
true average diameters of the head, as it is ;just 
before engagement begins to occur. I accept the 
average figures derived fr -ri VALLOI S and PERRET as 
probably representing the average size and indirectly 
the average form of the head immediately after it is 
born. But I decline to believe that they accurately 
reproduce the size and form of the head, when it lies 
in the cavity of the pelvis. 
The correlation of the size of the head, 
the weight of the fetus, and the dimensions of th^ 
pelvis contains invaluable possibilities, but it has 
not yet been extended over A sufficiently large 
4 
!umber of observations, even in relation to the first 
and second factors.. As to the si ?e of the head in 
the cavity of the pelvis, FARABEUF and . VARNIERS 
figures/ 
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figures seem too high for an average. How far they 
really reproduce. the anti- labour form and not one 
which is the result of some degree of moulding and 
other flexional movements is in my opinion. doubtful. 
It seems well-advised,. when proceeding to 
relate the mechanism of internal rotation, to have re- 
gard not only for the well- attested averages which 
have been obtained after the birth, but also for the 
smallest diameters which the figures record for the 
full -time fetus. They may be utili5led either as 
a composition of all the minima. or as indices of 
the grouped series which are important on account of 
the smallness of one or more of the included diameters. 
mhe foregoing does not exclude the proviso relative 
to the supposed true size and form of the head when 
it i.s within the cavity of the pelvis, nor does it 
reckon with the mechanism of premature fetuses which 
are known to rotate and ?mast therefore be taken 
into account. A composition of the smallest 
diameters taken out of those I have quoted or referred 
to, gives a theoretical and presumably improbable 
head having the following dimensions: - 
S.O.B. 8°A, and Bi-P. 8.0 cm. The sub- 
joined measurements are those of actual heads and 
contain/ 
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contain in each case a minimum diameter (marked by an 
asterisk) 
O.M. 11.5, 0.F. 10°5, S.O.B. 3.5, 
4 
4E 
and Bi-P. 87 cm. 
( BUnIN ). 
0.M. 12, 0.F. 10 °5, S.O.B. 3 °5, 
4 
and Bi -P 3.5 cm. 
0.M. 13, 0.F. 9 °5, S.O.B. 9 °5, and Bi -P. 9.5 cm. 
(PARISOT). 
0.11. 11, S.O.B. 9°5, and Bi-P. 3 cm (IrALL'CIS) 
?{E 
0.F. 117, S.O.B. 9.7, and Bi-P 3 cm. 
0.F. 11.7, S.O.B. 93 and Bi-P 3 cm. 
0.F. 11, S.O.B. 3.4 and Bi-P 3°1 cm. (PFRRET). 
It will be observed from these figures 
that unusual smallness in any one diameter is com- 
pensated for by an excessive lengthening of some 
other diameter, and so renders the hypothetical very 
small head the more improbable. 
,¢39. The shoulders exhibit two movements of 
flexion, the Sécon;ì - a?'1d ` third . The eecónd` movement 
may possibly be primitive in the sense of being an 
attitude arising at an early stage of development. 
But in any case some inclination of the shoulders 
towards the head is necessary to the complete develop- 
ment of the first movement. Otherwise a movement 
of extension will develop so as to carry the should - 
ers 
396 . 
shoulders away from th' head. '.'pith the sedcindt move- 
ment of flexion, the shoulders are carried towards 
the head to the fullest possible extent (BARNES 1885 
SELLHEIM 1904), and the shoulders as a whole become 
more moulded in outline. The third movement of 
flexion is the moulding of the soft parts which are 
conformed or adapted to the surrounding pressures 
and to the area of least resistance below. According 
to SELLHEIM, all the phenomena of flexion exhibited 
by the shoulders are due to the constriction exer- 
cised by the soft canal.. T"is is true when the 
shoulders are small, but under normal relations, 
as well as in mutual disproportion, the lateral 
walls of the pelvis exercise a powerful influence on 
the parts, s_nd eventually oppose a solid bony re- 
sistance to the passage of the shoulders. 
The centre of pressure, according to my 
observations and experiments, is situated at a very 
short distance from the mesial plane of the shoulders, 
but much nearer the doreum than The breast in the 
dorso- anterior position. And though the centre of 
pressure lies in the lateral half of the lower sur- 
race of the shoulders, the bias is so extremely 
slight, that in so far as Clinical observation can 
determine/ 
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determine, the two shoulders descend simultaneously 
tl'rouph the pelvis. It. is necessary in this con- 
nection to eliminate th- effect of moulding which, 
owing to the slight Solayrean obliquity of the shoul- 
ders and the presence of the area of least resis- 
tance in the anterior moiety of the canal, produces 
a local bulging of the soft parts on the anterior 
asrect of the anterior shoulder, and creates the 
impression that the latter is descending first. At 
the same time, there is another arrangement sometimes 
observed, in which the obliquity of SOL Q.YRÉS corres- 
ponds i.n degree closely to that seen normally in head 
presentations, and in which the anterior shoulder 
is descending considerably in advance of the other. 
Here, experience of the quantities of pressure felt 
at the two shoulders and the type of internal ro- 
tation observed render an excentric displacement of 
the centre of pressure far into the anterior shoulder 
highly Probable. Indeed, in this anomalous mechanism 
of the shoulders which is com,iaratively rare in my 
experience, the Whole mechanism of flexion approaches 
closely to that of the head, and it is possible some- 
times to record an imperfect attempt at a second move- 
ment of flexion. , The third movement has little 
effect/ 
In the sense of the head. 
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effect on the diameters of 'the shoulders: Most of 
the change is effected by the recd qd movement of 
flexion and is said (SCHROEDER 1886) to reduce the 
bi sacromìal diameter from 12 cm. to 9.6 cm. It 
should be noted however, that, if the acromial pro - 
cesses are used as the determinants, the measure - 
?ents are erroneous, for though in the relaxed 
position the great tuberosities of the two arm bones 
project but little, they do so very appreciably when 
the shoulders are carried towards the head. 
The breech possesses only the third move- 
ment of flexion - moulding which is similar in char- 
acter to that seen in the shoulders. The breech 
descends in an oblique diameter with the two trochan- 
ters nearly level with each other within the pelvis, 
the apparent earlier descent of the anterior breech 
being due to moulding. The breech normally keeps 
well forwards within the canal. The centre of pres- 
sure probably has only a very slight ex_centricity 
relative to the mescal plane of the breech, and lies 
well forwards in an antero -posterior sense. The 
bi- trochanteric diameter according to EDEN (1911) 
is 10 em. The third movement of flexion in the 
breech may well be produced by the concentric re- 
sistance 
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resistance of the soft parts, together with the ex- 
centric distribution of the area of least resis- 
tance. The former at the time when the breech is 
oncoming have not been excessively extended and part - 
ly paralysed, as they usually are when the head is 
making its descent. 
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